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A STUDY OF SALT, NITROGEN AND WATER EXCRETION 
IN NEPHRITIS * 


JAMES P. O'HARE, M.D. 
BOSTON 


INTRODUCTION 


It has been known for a long time that in cases of chronic nephritis 
there is a disturbance in salt and nitrogen elimination. A number of 
observers have called attention to the fact that frequently the excretion 
of salt is disturbed proportionately more than that of nitrogen while 
occasionally the reverse is true. Several methods of studying these 
factors have been suggested. 

Von Monakow' placed patients on a standard diet containing each 
day approximately the same amounts of salt, nitrogen and water, to 
which were added on different days a definite amount of salt (10 gm. 
of sodium chlorid) or nitrogen (20 gm. of urea); the daily excretion 
of salt, nitrogen and water was quantitated and the effects of the added 
salt and nitrogen were noted by comparing the excretion after these 
were given with the previous daily excretion. This method we will 
speak of as the “added urea and salt test.” 

Hedinger and Schlayer® gave on a single day to patients a diet com- 
posed of several meals containing varying amounts of the natural 
diuretics, water, salt, xanthin bases and caffein and collected the urine 
in two-hour portions throughout the day. In these portions the 
amounts of fluid and salt, and the specific gravity and percentage of 
salt were determined. For several days prior to this day the patients 
were on a diet containing daily approximately the same amounts of 
fluid, salt and protein. Hedinger and Schlayer did not quantitate the 
nitrogen output, but we have done so in making the test. This test 
we term for brevity “the two-hour renal test.” 


* Submitted for publication, Feb. 11, 1916. 

*From the Medical Clinic of the Peter Bent Brigham Hospital, Boston. 

* This work was aided in part by a grant from the Proctor Fund of Harvard 
University for the Study of Chronic Disease. 

1. Von Monakow: Deutsch. Arch. f. klin. Med., 1911, cii, 248. 

2. Hedinger and Schlayer: Deutsch. Arch. f. klin. Med., 1914, cxiv, 120. 
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Ambard and his associates* have investigated the relation between 
urea nitrogen and salt in the blood and urine and by means of formulas 
have expressed this relation as an index of excretion. More recently 
McLean* has modified and amplified these formulas of Ambard. 

At the Peter Bent Brigham Hospital under the direction of Dr 
Henry A. Christian I have been studying the water, salt and nitrogen 
elimination in chronic nephritis by one or all of these methods with 
the view to utilizing them as measures of the functional power of the 
kidney. In addition other tests of renal function have been carried 
out in the study of these same patients. With this data it seems worth 
while to report the results obtained and to discuss the relative value of 
some of these tests. 

METHODS 


The “added urea and salt test” has been carried out much as 
described by von Monakow. Our patients have been placed on a diet 
containing 75 gm. of protein, 4 gm. of sodium chlorid and 1,500 c.c 
of water with a caloric value of 2,000 to 2,200.5 After the output of 
fluid, salt and nitrogen reaches an equilibrium on this diet, on one day 
10 gm. of additional salt is given, and several days later the patient 
receives 20 gm. of urea. This order may be reversed. The daily output 
of urine, salt and nitrogen is determined* and charted as shown in 
Figure 1. 

After salt or nitrogen are added to the diet in normal individuals 
their excretion after forty-eight hours returns to its previous level. In 
the diseased kidney this may not be the case. Sometimes the added salt 
or urea produces a diuresis and this disturbs the elimination of both 
salt and nitrogen, the increased water output carrying out with it more 
3. Ambard: Physiologie normale et pathologigqe des reins, Paris, 1914. 

. McLean: Jour. Exper. Med., 1915, xxii, 212. 

Of course it is to be remembered that these values are only approximate 
In the first place patients who are very sick cannot eat regularly from day to 
day the total food given, and daily variations arise in this way. In the second 
place the values as given are calculated from tables of food values and do not 
represent actual values determined by analyses of samples of the various meals. 
There must be a considerable difference between the average values stated for 
a given food product and the actual amount contained in a single sample of 
that food. Hence it is to be clearly recognized that this method of renal test- 
ing, as well as the others involving calculated diets, as carried out by us is in n 
sense an exact metabolic study, and variations between calculated intake and 
observed output are necessarily frequent. The weighing of food prepared for 
the patients and the subtraction of food not eaten has been done with care, 
and precautions have been taken to insure accurate urine collections. Errors 
in this part of the work have been reduced to small figures and where evident 
mistakes occurred in these parts of the work the results have been discarded 

6. In making the nitrogen and salt determinations I acknowledge the assist- 
ance of a chemical technician whose salary was paid from a fund given to 
the Medical Service of the Peter Bent Brigham Hospital by Dr. F. C. Shattuck 
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salt or nitrogen. Consequently it is desirable to observe the effect of 
each added substance for several days after it is given before introduc 
ing the other. Then it often takes several days on the diet before salt, 
nitrogen and water excretion reach an approximately constant rate of 
excretion. [hese several factors render it desirable to prolong the 
added urea and salt test over a period of ten or twelve days, and in 


some cases even longer 






































January | | February 
28 | 29/30/31) 1/2 )3 14/5] 6] 7 | 
=r - (SO we we oe oe 

2000 rq tTFEUIDS = 
1000 ~ S S 
t— = 

z = 

E > 
= -S-= 

C) i j 4 Ee ne 

ib NITROGEN ost 



































P = 
= wet 
7) + a3 
os 
I> —-* 
| Pt$+4+-+-4 tt = 
i | SODIUM-CHLORIDE 
= ~— 








— SCRE 

Fig. 1, Case XVI.—The hatched columns indicate intake, the cross-hatched 
columns output. The upper series are for fluids; the middle for nitrogen and 
the lower for sodium chlorid. The added salt and added urea are indicated by 
the lengthening of the columns of intake. 


Che added urea and salt test gives us rather early evidence of dis- 
turbed nitrogen and salt elimination of the kidney, as shown by delayed 
and deficient excretion of these substances. Simple, logical and direct as 
it seems, the test has many practical difficulties. In the ten or twelve 
days needed to carry it out the patient may tire of the hospital and 
refuse to stay; changes in the patient’s condition may necessitate a 
change in diet or other interference with the conditions under which 
the experiment is being carried out ; a woman may begin to menstruate ; 


portions of the urine may be lost unavoidably as when the patient voids 
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at stool, etc., or the diet may become very monotonous. Sometimes, 
especially during the formation of edema, there may be a storing up of 
nitrogen or salt with a subsequent discharge of the same either just 
before or coincidently with the giving of the added urea or salt. This, 
of course, interferes with the correct interpretation of the changes in 
the excretion curves. Urea taken by mouth sometimes causes a diar- 
rhea, with consequent probable loss of an unknown amount of nitrogen 
in the feces. This would have the effect of showing an apparently 
lower nitrogen excretion than the kidneys are really capable of 
handling. Of course variations in rate and completeness of absorption 
from the gastro-intestinal tract introduce possible errors in such dietary 
tests. Tissue retention, especially of salt, is another possible source of 
error in any such test. 

On account of these various difficulties with the added urea and salt 
test some other form of test seemed desirable which would shorten the 
period of observation and reduce the probability of the difficulties 
enumerated above. The Hedinger and Schlayer “two-hour renal test” 
can be completed, as far as the patient is concerned, in twenty-four 
hours. In this respect, therefore, it would seem to have a decided 
advantage over the previous test, as by shortening the time the proba- 
bility of the disadvantages enumerated above is much reduced. To 
compare the two tests both were carried out on a number of patients 

In using the two-hour renal test the diet has been slightly changed 
from that described by Hedinger and Schlayer, so that we gave the 
following menu for the several meals: 

Seven a. m., coffee, milk, sugar, toast and butter; 10 a. m., milk, toast and 
butter; 12:30 p. m., bouillon, broiled steak, butter, mashed potato, butter, toast 
and butter, coffee, milk and sugar; 4 p. m., tea, milk, sugar, crackers; 7 p. m., 
soft egg, blanc mange (one egg, sugar, corn starch, milk), and cream. Amounts 
sufficient to give approximately 2,500 calories, 1,550 c.c. of fluid, 76 gm. of 
protein, 127 gm. of fat, 245 gm. of carbohydrates and 5.8 gm. of sodium chlorid. 

On the two days preceding the test day the patient usually had a 
diet containing 2,000 calories, 75 gm. of protein and 4 gm. of sodium 
chlorid. The test diet is a mixed diet containing known amounts of 
water, nitrogen and chlorid together with food diuretics of various 
types (purins, salt, water, etc.). As can be seen, the diet is divided 
into five unequal portions given at definite times during the day. Each 
portion contains known but varying amounts of fluid, nitrogen and 
salt. The noon meal particularly contains large amounts of the above 


elements. 


Two-hour specimens are collected from 7 a. m. to 9 p. m. and one 
“night specimen” is obtained containing all the urine passed between 
9 p.m. and 7 a. m. Each specimen is analyzed for volume, specific 
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gravity, total nitrogen, nitrogen concentration, total chlorid, and chlorid 

concentration, and the results are charted as in Figure 2. 
The purpose of the test is to find out to what extent and in what 

manner the diseased kidney, under stimulation by the different diuretics 

taken in the food, reacts in putting out the varying amounts of water, 

nitrogen, and chlorid ingested. Hedinger and Schlayer have shown 

that normal cases respond by putting out water and salt promptly and 
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Fig. 2, Case XVI.—The series of columns beginning at the left give the 
amount of urine, sodium chlorid, and nitrogen in each two-hour portion from 
7 a m. to 9 p. m. and in the portion from 9 p. m. to 7 a. m. The solid lines 
joining dots in the space of each column give the specific gravity of the urine 
and the percentage concentration of sodium chlorid and nitrogen. Next is 
indicated the night portion of urine in relation to the total twenty-four hour 
amount. The columns at the right give the fluid intake and urine output in the 
days preceding the test day. 
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in good amounts. The diseased kidney, however, may show that its 
power to excrete these elements is fixed at a certain level and that this 
level is too low to accommodate the large amounts of these elements 
ingested, especially at the noon meal. These “fixed” cases show a 


curve of excretion that approaches more or less a straight line. Instead 
of getting the normal “picket fence” curves, we find some or all of the 
curves of excretion more or less flattened out 
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CASES 


In our work this year we have applied these tests to thirty cases of 
chronic nephritis of varying degrees of severity, some of them com- 
plicated by cardiac conditions. In one case the test was performed 
three times. Other tests of renal function have been made and all 
patients have been studied carefully to determine, in so far as is pos 
sible, their general condition. A brief summary of the records of these 
patients follows. In each case the “added salt and urea” and the “two 
hour renal” tests are recorded in the form of charts of the type shown 
in Figures 1 and 2 of this paper and in Chart I to XII of a previous 
paper,’ because in this graphic way the renal function is shown most 
clearly. Owing to the expense of reproduction the charts in each case 
reported are replaced by tables, but in the discussion following the 
summary of the cases the findings are described in terms of curves as 
shown in the charts. Cases 1 to 4 show no renal lesion and are included 
for comparison. Cases 5 to 34 show various types of chronic nephritis 


with or without cardiac involvement. 


Case 1.—No. 1662, male, 14, student. Diagnosis: Rheumatic fever: chronic 
cardiac valvular disease; aortic and mitral regurgitation. Urin Acid; spe- 
cific gravity, 1.019-1.040; albumin, none to very slight trace; 1 sugar Sedi 
ment: Very rare hyaline cast with fat and cells adherent Bl i Pressure 
114-130 systolic; 46-60 diastolic 

TABLE 1.—Two-Hour Renat TeEs1 
Sa 
November 4 Water, ce. Specific Gravity 

ts! ‘ 
7 1 1.014 
}-ll a.m 1.00% 
11 a. m lp. nu LO? 
l p. m ‘ 1.028 g 
3 p. ™ " 1.128 ! 

7p. m “4 1 .02¢ 
7 p. ™m 7 1. 

p. 1 7 a. m 1 1.027 


Summary.—W ater No fixation, Slight but somewhat delayed response 
noon meal. Chlorid No fixation. Slight but delayed response to noon meal 


7. Christian, Frothingham, O'Hare and Woods: Studies of Nephritis, Am 
Jour. Med. Sc., 1915, cl, 655. 
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Case 2.—No. 1755, male, aged 25, single, shoe cutter. Diagnosis: Pleurisy 
with effusion; tuberculosis of pleura. Urine: Acid; specific gravity, 1.010- 
1.029; albumin, none to the slightest possible trace; no sugar Sediment No 
asts, Blood Pressure: 130 S) stolic ; 76 diastolic. 


TABLE 2.—Two-Hour Renat TEs1 





Salt 
N ! Water, ¢.c. Specific Gravity 
Grams P ( 
1 1.01¢ 1.44 r 
, , 
I 1 S 
Pp l 8 
‘. = 
S l 6 
I 
" 1A 7 4 
Summa Water No fixatior Good and prompt response to noon meal 
Chlorid N xati Good and prompt response to noon meal 
Cas! N 1822, male, aged 21, single, car cleaner. Diagnosis; Hyper- 
lorhydria. Urine: Acid; specific gravity, 1.019-1.023; albumin, none to slight- 
est tr I sugar. Sediment No casts. Blood Pressure: 124 systolic, 90 
TABLE 3.—Two-Hovur Renat Tes 
S 
\ Wate ‘ Specific Gravity 
Grams Per ¢ t 
7 ] 
{ 4 5 
1.01 1.4 { 
p. 1 1.012 S84 i 
p. 1 4 l 1.0 
p.1 ‘ ! 
‘ ~~ pom 1 
I - 68 lf 1.78 i 
Summa? Water: No fixation of amount or specific gravity. Good and 
prompt response to noon meal. Salt: No fixation of amount or concentratiot 


Good response, somewhat delayed, to noon meal 
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Case 4.—No. 2656, female, aged 38, widow, domestic. 
pecific gravity, 1.006-1.018; 
asts. Blood Pres- 


ilis; pulmonary tuberculosis (?). 
albumin, none to slight trace; no sugar. 


sure: 106 systolic, 72 diastolic. 


Urine: 


Acid > § 
Sediment 


: Noc 


TABLE 4—Two-Hour Renat TEs1 
Nitrogen 
May 18 Water, Specific — 
cc Gravity Grams Per Cent 
7-9a.m 187 1.010 1.68 OK 
9-lla.nu 119 1.015 0.47 0 
ll a. m l p. m 118 1.014 0.30 0.25 
| 3p. m sO 1.023 0.48 0.60 
Pp. U 160 1.023 0.96 0.60 
5-7p. m v3 1.024 0.93 1.00 
7-9p. m 115 1.023 1.1K 0.9 
9 p. m 7 a. m 05 1.025 36 0.80 


Summary. 
slight delay in 


CINE 


Diagnosis: 


Syph- 


Salt 


Grams 


Per Cent 
0.17 
Om 
0.36 
0.74 
0.74 
0 
( 

0.68 


No fixation. Fairly good response to noon meal in all elements, 


water and salt. 


Case 5.—No. 1624, male, aged 31, single, junk dealer. Diagnosis: 


Urine: 


nephritis, parenchymatous. 
1.2 per cent. to 2 per cent 
cases. Blood Pressure: 


TABLE 5.—FuNcTIONAL 


Date 


September 11 
September 16 
November 6 


November 16 


no sugar. 


Sediment: 


Date —_—_—_——— — 
Intake Output 
10/ 5 11.0 9.4 
10/ ¢ 11.0 4 
10/ 7 21.0 11.0 
10/ 8 11.0 7.5 
10/ 9 11.0 9.5 
10/10 11.0 8.8 


TABLE 6. 


Nitrogen in Grams 


ADDED 


Acid; specific gravity, 1.020-1.032; 


Chronic 
albumin, 


Many granular and hyaline 








150-127 systolic, 110-78 diastolic 
TESTS 
Phthalein Nonprotein 
in 2 Hours, Nz of Blood, 
Per Cent. Gm. per Liter 
a0 Th 
».231 
47 
UreA AND Sart TEst 
Salt in Grams 
s mary 
Intake Output 
4.0 5 Poor response to both 
added urea and salt. 
40 1.5 
4.0 2.5 
4.0 1.6 
14.0 2.4 
4.0 3.6 























JAMES P. O'HARE 719 


TABLE 7.—Two-Hour RENAL TEst1 





Salt 
November 14 Water, c« Specific Gravity 
Grams Per Cent 
7 1. 74 1.025 1 ).95 
a. 82 1.023 4 0.25 
1. 1 1 p. m. 118 1.022 7 ) 
p. a ss 1.026 
p.1 s 1.024 0.24 
7p. 0 130 1s 0.99 
7 p. 134 1.02 Ss 0.35 
Pp 7a. 0 284 1.025 
Summary—Water: Fixation of specific gravity; none of volume. Fair 


response in normal time to noon meal. Chlorid: Fixation of both amount and 
percentage concentration with the exception of the early morning specimen. 
Fair response in normal time to noon meal. 


Case 6—No. 1683, male, aged 33, single, laborer Diagnosis Chronic 
nephritis ; hypertension; chronic cardiac valvular disease ; mitral stenosis, auricu- 
lar fibrillation. Urine: Acid; specific gravity, 1.012-1.023; albumin, none to 


slightest possible trace; no sugar. Sediment: Rare hyaline cast. Blood Pres- 
sure: 188-160 systolic, 140-118 diastolic. Phenolsulphonephthalein in two hours: 
43 per cent. 

TABLE 8—Appep UreEA anv SALt Test 


Nitrogen in Grams Salt in Grams 
Dat S 
Intake Output Intake Output ge 
11 7.0 4. 0.9 At T ¥y good respons 
‘ e« ea por 
11.0 0 4.0 8 spons ided salt 
4 1.0 0 40 1. 
) 11.0 ( 1.0 ) 
¢ 11.0 15.0 4.0 4.5 
7 11.0 8 4.0 7 
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TABLE 9.—Two-Hovur 


Nov » 1914 Water, c.c. Spec 
7 4 
7 
l P . 
I l 
I 66 
I f 


Summa Fixation of water and specific 


»"ome fixation of concentration of salt, less ot 


CASE / No. 1898, male, aged 57, married 
chronic myocarditis; auricular 
1,010-1.023; albumin, very slight 








cine gravity 
Sediment Occasional hyaline and granular 


systolic 130-90 diastoli 


RNAL MEDICINE 


RENAL TEST 


fic Gravity ——————_—_- 
Grams 


1.027 ).029 
1.025 01 
1.026 ole¢ 
1.028 13 
1.029 ».04 
7 res ¥ 
1.028 0.089 
1.027 0.254 


gravity, the latter at 
total output of salt 


Diagnosis Chroni 
fibrillation Urine: 


TABLE 10.—Functionat Tests 


PI 


Date 
Per 
November 
December 1 
December 1 
December 


December 27 


Cent om. [ 
4 ) 

44 

8.5 


TABLE 11 Appep Urea AND Sart Test 


Nitrogen in Grams Salt in Gr 


Date 
Intake Output Intake 


1 4 10.6 14.4 ) 
1 11.4 ) 13.8 
7 TOR Ooo - 


4.4 Good respo 
urea; poo 
added salt 


1.5 
1.0 
2.4 


Salt 


Per Cent 


c nephr 


ver I 


nse to 


r respor 


igat 


trace to slight trace: no sug 
cast Blood Pressur« 190 
thaleir Urea N 
Hours, of Bloos 


/( 
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TABLE 12.—Two-Hour Renat TeEs1 
Salt 
Nov. 1 t Water, c.« Specific Gravity 
( Per Ce 
8 14 ; j 
Pp { 
p ) Q 
p l {5 
' St 8 
' . ag 1 s { 
Summa Water Some fixation of volume; non tf specific gravit 
Slight laved response to noon meal. Salt Amour . entage con- 
entrat Slig lelayed response to noon meal 
Case 8.—N 1918, male, aged 54, single, labor Diag Chroni 
nephritis and hypertension. Urine Acid; specific gra 015-1.024; albumit 
none ery slight trace; no sugar Sediment Rare g l st Blood 
Pressur¢ 254-200 systolic, 138-118 diastolic 
TABLE 13.—Fwunctionat TEstTs 
Phthale Nonprot 
Da n 2 Hours N f Bloo 
Per Ce ( per I 
Novemt ‘ 
D b ‘ 
be 
: — $ 
TABLE 14 Appep UREA AND SA s 
Nitroge ( ims Salt G ms 
Date Ss 
ike Output I ake Output 
11 1 4.0 ‘ ( pe adde 


1 ) 4.0 4 
11 11.0 11.4 14.0 ‘ 
11/27 11.0 4.0 0 
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TABLE 15.—Two-Hour Renat Test 
December 2 Water, c.c. Specific Gravity 
7-9 a. m. 132 1.015 
9-lla.m.. 67 1.019 
ll a. m.-1p. m 104 1.018 
1-3 p.m.. 111 1.021 
8-5p. m 38 1.021 
5-7 p.m 122 1.022 
7 9 p. m. 186 1.01¢ 
9p. m.-7 a. n 580 1.016 





MEDICINE 


Salt 
~~ Grams ; Per ‘Cent. : 
0.37 0.28 
0.087 0.13 
0.146 0.14 
0.144 0.13 
0.418 0.11 
0.146 0.12 
0.744 0.40 
2.67 0.46 


Summary.—Water: No fixation. Fair but delayed response to noon meal. 
Chlorid: Suggestion of fixation of both amount and percentage concentration. 


Slight, delayed response to noon meal. 


Case 9—No. 1946, male, aged 36, married, 
Urine: Acid; 


nephritis; hypertension; arteriosclerosis. 
1.025; albumin, slight trace to large trace 


and finely granular casts. Blood Pressure: 


TABLE 16.—Fune 


Date 


November 25 


December 8 


TABLE 17.—Appep Ur 


Nitrogen In Grams Salt 
Date a 

Intake Output Intake 
12/ 5 8.0 4.0 
12/ 6 1 8. 4.0 
12/ 7 1.0 10.0 4.0 
12/ 8 11.0 Lost 4.0 
12/ 9 114 a4 4.0 
12/10 11.0 9 14.0 


12/11 11.0 78 4.0 


« lerk. 


Diagnosis Chronic 
specific gravity, 1.013- 


; no sugar. Sediment: Some hyaline 


240-190 systolic, 205-140 diastolic. 


TIONAL TESTS 


Phthalein 
in 2 Hours, 
Per Cent 


48 


EA AND SALT 


in Grams 


Output 


Nonprotein 
Ne of Blood, 
Gm. per Liter 


TEST 


Good response to added 
salt Apparently a fair 
response, at least to 
added urea 

















7 pact! 
ll a. rT 
ll a. nu 
i Pp. u 
>p.! 
p. I 
7-9p. 0 
p. m 


Summ 


response 
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TABLE 18.—Two-Hour Renat TeEs1 
Salt 
November 29 Water, c.c. Specific Gravity 
Grams Per Cent 

9 1.02 “ 0.07 

4 1.02% 0.054 0.11 

p. 1 is 1 624 0.08 

71 1.026 " 0.10 

71 1.02 s ).12 

101 1.025 7 0.1 

ie) 1.026 wid 11 

1 400 1.04 0.88 0.22 
ary—Water: Volume and specific gravity fixed. Slight, delayed 
to noon meal. Chlorid: Percentage concentration fixed. Amount 


fixed except in one period. Good and prompt response to noon meal. 


Case 10.—No. 2006, female, aged 45, widow, domestic. Diagnosis: Chronic 


nephritis ; 


hypertension; chronic myocarditis; chronic cardiac valvular disease; 


mitral regurgitation. Urine: Acid; specific gravity, 1.009-1.013; albumin, slight 
trace to trace: no sugar Sediment: Rare hyaline and granular casts. Blood 


Pressure 


Date 


1/17 


* Whok 


210-160 systolic, 100-80 diastolic 


TABLE 19.—Functionat Tests 


Blood Nonprotein Blood 
Phthalein ir Urea No, Nz of Blood, Chiorid,* Alveolar COs, 
Hours Gm. per Gm. per Gm. per mm 
Liter Liter Liter 
80) 
0.4 ) ; 
0.68 0.91 g 
Slight trace 
None 
19.09 
3.40 
None {41.50 
/ ms 
f a“) 
10 


blood 


~ 
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TABLE 20.—Two-Hour RENAL TEstT 





Nitrogen Salt 
December 17 Water, Specific ————-—- ; — - 
c.c. Gravity Grams Per Cent. Grams Per Cent 
7-9 a. M..... 205 1.012 0.47 0.23 0.80 0.39 
} 9-11 a. m. : 192 1.012 0.33 0.17 0.67 oO 
: ll a. m.-1p. m 195 1.012 0.39 0.20 0.7¢ 0.39 
; 1-3 p. m.... 208 1.011 0.29 0.14 0.79 ) 38 
3-5 p.m 19) 1.012 O.44 0.23 os 0.43 
4 
5-7 p. m.. 215 1.013 0.43 0.20 0.99 0.46 
7-9p.m.. 231 1.013 0.53 0.23 1.02 0.44 
: 9 p. mM. -7 a. Mm. ..... ; 960 1.011 1.43 0.17 4.13 0.43 
5 Ret ee ae ae a aS 
Summary—Water: Specific gravity fixed; volume partially so, Slight, 
delayed response to noon meal. Nitrogen: Amount fixed. Concentration some- 
what fixed. Fair response in normal time to noon meal. Chlorid: Concen- 
tration somewhat fixed; amount less so. Slight, delayed response to noon meal. 
Case 11.—No. 2074, male, aged 22, married. Diagnosis: Chronic nephritis. 
‘ Urine: Acid; specific gravity, 1.009-1.014; albumin, 0.05 per cent. to 0.04 per 


f cent.; no sugar. Sediment: Moderate number of hyaline and granular casts. 
Blood Pressure: 180-110 systolic; 140-80 diastolic. 


TABLE 21.—Functionat Tests 


Phthalein Blood Urea Index Blood Chlorid 
Date in 2 Hours, Urea Ne, (McLean), Chlorid, Difference 
Per Cent. Gm. per Liter Per Cent. Gm. per Liter (McLean) 
{2 18 
1/13 13 
1/20 0.088 238 5.68 0.046 


TABLE 22.—Appep Urea ANnp Sart TEst 





Nitrogen in Grams Salt in Grams 
Date —_——— ——— | — — Summary 
Intake Output Intake Output 
1/5 , 5 4.0 14 Fair excretion of added 
urea Poor excretion of 
1l/ 6 4 48 4.0 09 added salt 
lj 7 14.4 4 4.0 1.1 
1/8 , 5.8 4.0 os 
1/9 ) 4.4 4.0 0.7 
1/10 ) 4.6 4.0 0.8 
1/11 ’ 4.2 4.0 0.9 
1/12 3.9 5.6 4.0 0.9 
1/13 ee see 14.0 2.3 
1/14 4.0 2.3 

















JAMES P. O'HARE 
TABLE 23.—Two-Hour Renat TEs1 
Nitrogen 
Janua Water, Specific - 
cc Gravity Grams Per Ce G 
7 j ll 101 o4 0.40 ( 
1. SO 1.01 4 0.67 ( 
4 lp.t 10 1.01 ) 0.50 ».20 
, a 107 1.012 0.50 0.47 1.26 
Pp. m.. cose 154 1.012 0.66 4 0.46 
7p.1 135 1.01 4 0.4 
p. u 160 1.012 0.64 0.40 0.4 
I 7a.t 450 1.01 1.67 7 1.08 
Summary.—Water: Specific gravity fixed; volume not. Medium 


Nitrogen: 
Slight, delayed response to noon meal. 
fixed. 


in normal time to noon meal. 
moderately fixed. Salt 
percentage concentration moderately 


me al 


Diagnosis: 
Acid; 


sugar. 


housewife. 
myocarditis. Urine 
slight trace; no 


Case 12.—No. 2077, female, married, 
nephritis ; 


hypertension; chron 


1.013-1.020; albumin, slight to very 





hyaline and granular cast. Blood Pressure: 254-202 systolic, 140-110 
TABLE 24.—Functionat Tests 
Phthalein Blood Urea Blood Chlorid 
in Urea Ne, Index Chlorid, Differ- 
Date > Hours, Gm. per (McLean), Gm. per ence 
Per Cent Liter Per Cent Liter (McLean 
j 
< 15 
2 y 
) 0.225 6.45 S 0 


“I 
tt 
Jt 


response 


Amount and percentage concentration 
Amount 
Slight, delayed response 


and 
to noon 
Chronic 


specific gravity, 
Sediment: 


Rare 


diastolic 


Alveolar 
COs, mn 











if 
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Nitrogen in Grams 


OF INTERNAL 


Salt 


Intake 


in Grams 


Output 


TABLE 25.—Appep UreA AND SALT 





MEDICINE 


Test 


Summary 


Fair excretion of both 


TABLE 26.—Two-Hour Renat Test 


Date - 
Intake Output 
Ill 11.1 6.6 
1/12 11.1 4.9 
1/1 20.1 13.0 
1/14 11.0 6.7 
1/15 1.1 8.8 
1/16 11.0 5.5 
1/17 11.1 4.8 
1/18 
1/19 
1/20 
1/21 
1/22 
1/23 
1/24 
1/25 
December 31 Water, 
c.c. 
7-9a.m 108 
9-1ll a.m 72 
ll a.m.-lp. 0 53 
1-3p. m ll4 
3-5 p.m.. 58 
5-7p.m 68 
7-9 p.m... arene 60 
cee © © OO wasceneces 230 


Specific 
Gravity 


1.016 
1.017 
1.021 
1.020 
1.025 
1.023 
1.025 


1.026 


Summary.—Water: No fixation of volume 


response in normal time to noon meal. 


Nitrogen 





Grams 


1.70 
0.96 


2.76 


Nitrogen: 


Per Cent 


0.40 


added urea and salt, the 
former somewhat the 
better. 


Salt 
Grams Per ¢ ent : 
0.24 0.2 
0.22 Ox 
0.11 0.20 
0.42 0.37 
0.17 0.30 
0.22 ).32 
0.22 0.37 
1.11 0.44 


or specific gravity. Medium 


No fixation of amount or 


percentage concentration. Good response in normal time to noon meal. Chlorid: 
Moderate fixation of percentage concentration; less of amount. Slight response 
in normal time to noon meal. 


a 














———— 
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Case 13—No. 2079, male, aged 23, single, student. Diagnosis: Chronic 
nephritis. Urine: Acid; specific gravity, 1.009-1.022; albumin, slightest pos- 
sible trace to slight trace; no sugar. Sediment: No casts. Blood Pressure: 


150-122 systolic; 90-60 diastolic. 


TABLE 27.—Functionat TEsts 


Phthalein Urea N 
Date in 2 Hours, of Blood, 
Per Cent. Gm. per Liter 
December 27... ee 68.5 0.11 


TABLE 28.—Appep Urea ANp Sat TEST 


Nitrogen in Grams Salt in Grams 
Date Summary 
Intake Output Intake Output 
1 1 11.0 4.0 2.0 Fair excretion of added 
urea Apparently poor 
1/1 11.0 10.0 4.0 2.6 excretion of added salt 
! 9.8 4.0 1 
12.0 4.0 20 
‘ 10.6 4 7 
1 ) 98 14.0 > 
TABLE 29.—Two-Hour Renat Test 
Nitrogen Salt 
December & Water, Specific —— —_ . — 
CA Gravity Grams Per Cent. Grams Per Cent 
7 Re Bh ose 72 1.020 0.86 1.20 11 0.15 
1 I 128 1.014 0.90 0.70 0.28 0 
ll a lp. 7 1.02 1.14 1» 0.18 0 
1 p. 1 78 1.027 1.17 1.50 0.17 ( 
p. a 80 1.027 1.31 1.64 0.% 0 
5-7 p. nu 68 1.026 1.00 1.60 0.17 0.95 
se ©D By Ps cewee ° 68 1.027 1.09 1.61 0.19 0.28 
Pp. m.-7 a.m... 265 1.027 4.29 1.62 0.85 0.2? 
Summary.—W ater: No fixation except that in the afternoon, which was 


both of volume and specific gravity. No response to noon meal. Nitrogen: 
No fixation except in the percentage concentration during the afternoon. Slight 
response in normal time to noon meal. Chlorid: Fixation both of amount 
and percentage concentration. Very slight response in normal time to noon 
meal. 
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Case 14.—No. 2124, male, aged 54, married, driver. Diagnosis: Chronic 
nephritis; hypertension; chronic myocarditis. Urine: Acid; specific gravity, 
1.013-1.016; albumin, none to very slight trace; no sugar. Sediment; no casts. 
Blood Pressure: 250-200 systolic, 170-100 diastolic. 





- TABLE 30.—Functionat Tests 
Phthalein Blood Urea Blood 
in Urea Ne, Index Chiorid, 
Date 2 Hours, Gm. per (McLean Gm. per 
Per Cent. Liter Per Cent Liter 
January 5.... - — 36 0.33 —_— 
} 
January 14 haeeees 28 
January 21... 0.33 1 4.92* 
* Whole blood. ; 
TABLE 31.—Two-Howur Renat Test 
Nitrogen Salt 
January 21 Water, Specific —— - = : 
¢.c. Gravity Grams Per Cent. Grams Per Cent : 
’ - — ss a ime 2 ' 
7 © OB Os Ghew see cccscecs 2 1.026 0.21 0.94 0.018 0.08 
D- TL B. MW. ccccccces 44 1.026 0.53 1.20 0.026 
11 a. m.-1 p.m. .. ‘ 57 1.026 0.68 1.20 0.0384 0.04 
B= BP Mh cscvcsce menags 72 1.027 0.95 1.32 0.086 0.05 
3-5 p. M. ...s. Souees 78 1.027 0.89 1.14 0.047 0.06 
5-7 p. m.. sec 72 1.026 0.76 1.05 0.036 0.05 
729 DR. Dy cee aoe 162 1.020 1.13 0.70 0.324 0.20 
9p. m.-7 a. Mm. ... sane 945 1.016 3.78 0.40 3.78 O4 


Summary.—Water: Specific gravity fixed the greater part of the day; volume 
not. Slight, delayed response to noon meal. Nitrogen: No fixation. Slight 
response in normal time to noon meal. Chlorid: Both amount and percentage 
concentration fixed at a low level. Very delayed response, but in good amount, 
to noon meal. 


Case 15.—No. 2132, male, aged 35, single. cashier. Diagnosis: Chronic 
nephritis; hypertension. Urine: Acid; specific gravity, 1.004-1.006; albumin, 
slight trace; no sugar. Blood Pressure: 270-240 systolic; 150-140 diastolic. 


TABLE 32.—Functionat Tests 





Phthalein Blood Urea Index Blood Chliorid 
Date in 2 Hours, Urea Ne, (MeLean), Chlorid, Difference 
Per Cent. Gm. per Liter Per Cent. Gm. per Liter (MeLean 
1/5 33 
1/8 0.296 9 5.7 0.01 
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TABLE 33.—Two-Hour Rena Test 


Nitrogen Salt 
January § Water, Specific 
cA Gravity Grams Per Cent Grams Per Cent 
‘ 27 1.010 F 0 ‘ 
1K 1.011 r 0.54 ( ( 
la 5 7 1.01 4 ” ).08 ( l 
I 156 1.01 0.f 0.40 { ) 
I 170 l 0.51 
p.! 149 1.01 04 a ( 8 
7 ! 129 1.01 ‘ { 0.1 
p.1 7 I 655 1.011 2.29 0.35 1.97 0.30 
Summa Water Specific gravity fixed; volume not. Good and prompt 
response to noon meal. Nitrogen Amount fixed; percentage concentration 
not. No response to noon meal. Chlorid No fixation of salt. Fair and 
prompt response to noon meal 
Case 16.—No. 2202, male, aged 49, single, painter Diagnosis: Chronic 
nephritis; arteriosclerosis; hypertension. Urine Acid; specific gravity 1.010- 
1.017; albumin, very slight to slight trace; no sugar. Sediment: Few granular 
and hyaline casts. Blood Pressure: 240-170 systolic; 160-90 diastolic 


TABLE 34.—Functionat Tests 


Phthalein Blood Urea Blood Chlorid 
I Urea Ne, Index Chiorid, Differ- Alveolar 
Date Hours, Gm. per (MeLean), Gm. per ence COs, mm 
Per Cent Liter Per Cent Liter (MeLean 
l 18 
41. 
r if 
TABLE 35.—Appep Urea ANpd Sart TEst 
Nitrogen in Grams Salt in Grams 
Date Summary 
I ke Output Intake Output 
4.0 5.4 1.0 1.5 Poor response to both 
added urea and salt 
J ¥ ? : 
4 4 4 s 
io 0 oOo t 
4.4 Ss 40 
: : 2.) 40 € 
| 4 4.0 ® 
4 4.0 14 s 


SS 


de nene-icnetnele tints nant naay attain 


= 


— 
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TABLE 36.—Two-Hour Renat Test 





Nitrogen Salt 
January 26 Water, Specific - —— — — : 
Ca Gravity Grams Per Cent Grams Per 
7-9 a. m 75 1.017 0.60 0.80 00 
9-11 a. m.. 68 1.015 0.53 0.80 0.14 
ll a. m Il p. m. 104 1.016 0.98 0.90 14 
1-3 p. m.... ° 105 1.017 0.72 0.70 0.20 
3-5 p. m.. bs) 1.017 0.58 0.70 1 
5-7 p.m... on 112 1.016 0.68 0.60 
7-9p. m.. 1l4 1.015 0.69 0.60 0.18 
9p. m. -7 a. m 290 1.025 4.36 1.50 2.17 
Summary.—Water: Specific gravity and volume moderately fixed. Slight 
response in normal time to noon meal. Nitrogen: Amount and percentage 


concentration fixed. Slight response in normal time to noon meal. Chlorid: 
Amount and percentage concentration fixed at a low level. Slight response in 
normal time to noon meal. 


Case 17.—No. 2218, female, aged 40, widow. Diagnosis: Chronic nephritis; : 
chronic myocarditis; chronic bronchitis; hyperthyroidism; acute bronchitis. 
Urine: Acid; specific gravity, 1.014-1.023; albumin, none to trace; no sugar. 


Sediment : Occasional hyaline and rare granular cast. Blood Pressure: 184-160 
systolic ; 84-74 diastolic. 
TABLE 37.—Functionat Tests 
Phthalein Blood Urea Index Blood Chlorid 
Date in 2 Hours, Urea Na, (McLean), Chlorid, Difference 
Per Cent Gm. per Liter Per Cent. Gm. per Liter (McLean 
1/30 42 | 
2/18 0.191 81 6.1 0.217 
2/23 nO 
TABLE 38.—Appep Urea AND Sart TEst 
| Nitrogen in Grams Salt in Grams 
Date —— ——_—_—— —— | —__—— Summary 
Intake Output Intake Output 
2/24 11.0 9.4 4.0 2.6 Good response to added 
urea. Fair response to 
2/25 11.0 746 40 2.8 added salt 
2/26 10.4 6.6 4.0 18 
2/27 18.4 17.0 4.0 3.0 
2/28 11.0 6.0 4.0 1.2 
3/1 9.4 5.5 3.9 10 
3/ 2 11.1 6.0 4.0 2.0 
3/3 11.0 4.8 14.0 3.0 
3/4 11.0 7.6 4.0 6.0 
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TABLE 39.—Two-Hour Renat Test 





Nitrogen Salt 
February 18 Water, Specific — 
| eu Gravity Grams Per Cent Grams Per Cent 
7 a. 67 1.022 0.37 0.00 ( 0.538 
9-lla.! 74 1.020 r 0.31 0.0 0.68 
ll a.t p.1 7H 1.0 4 | 0.44 
p. 0 ; 108 1.022 0.79 0.7 0.64 0.59 
p. 1 100 1.023 0.76 0.76 iw 0.60 
Tp.1 101 1.024 0.58 0.57 0.58 
- ip. nu » 1.024 ( 1.50 0.11 0.48 
ip. 7 a.t 245 1.023 7 0.31 00 0.41 
Summary—Water: Specific gravity fixed; volume not. Good response in 
normal time to noon meal. Nitrogen: No fixation. Medium response in 
normal time to noon meal. Chlorid: Both amount and percentage concentra- 


tion fixed. Medium response in normal time to noon meal. 


Case 18—No. 2237, female, aged 65, single, nurse. Diagnosis: Chronic 
nephritis; chronic myocarditis; arteriosclerosis; mitral insufficiency; dilatation 
; of aorta. Urine: Acid; specific gravity 1.010-1.039; albumin, none to slight 
trace; no sugar. Sediment: Hyaline and rare granular cast. Blood Pressure: 
188-115 systolic, 110-75 diastolic. 


TABLE 40.—Functionat Tests 


Phthalein Blood Urea Index Blood Chiorid 
Date in 2 Hours, Urea Na, (McLean), Chlorid, Difference 
Per Cent. Gm. per Liter Per Cent Gm. per Liter (McLean) 
) oo 
8 0.123 4 , 6.40 0.381 
4 56 
2/27 0.113 108 5.84 0.062 
0.160 42.5 5.90 0.81 
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Date 
2/14 
2/15 
2/16 
2/17 
2/18 
2/19 
2/% 

9/9 
2/22 

2/23 
7-9 a. 
9-11 a. 
ll a. m. 
1-3 p. 
2-5 p. 
5-7 p. 
7-9p. 
9 p. m. 


THE 


Nitrogen in Grams 


ARCHIVES OF 
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TABLE 41.—Appep Urea anv Satt Test 


TABLE 


~ Intake 

11.0 
11.0 
20.0 
11.0 
11.0 
9.9 
11.0 
11.0 
20.0 
11.0 

February 8 

m. . 

m. . 

-~1p. m. ....- 

Be wsece 

m. 

BR. cvccsscevaccene 

m. 

-7 a.m 


Salt in Grams 
— —_—— - Summary 


Output Intake Output 
9.5 4.0 2.2 Good response to added 
urea the first time; fair 
4+ 4.0 08+ response the second. 
Fair response to added 
17.4 4.0 4.6 salt. 
5.6+ 4.0 0.7 
94 4.0 1.3 
8.0 14.0 .0 
11.2 4.0 54 
8.0 40 1.3+ 
11.2 4.0 2.0 
7A 4.0 1.54 


42—Two-Hour Renat Test, Mopiriep 





Nitrogen Salt 
Water, Specific — sutpeeencionee ~ i i 
C4 Gravity Grams Per Cent. Grams Per Cent 
137 1.020 1.42 0.97 1.48 0.94 
107 1.019 0.56 0.52 1.09 1.02 
153 1.018 0.83 0.54 1.3 0.87 
ll4 1.026 0.75 0.66 1.21 1.06 
85 1.026 0.65 0.77 Os 0.98 
115 1.022 0.63 0.55 0.95 Os 
70 1.028 0.81 1.15 0.43 0.62 
237 1.028 2.37 1.00 1.59 0.67 


Summary.—No fixation. Water shows a medium response in normal time 


to noon 


meal. 


Nitrogen and salt are characterized by a slight response in normal 
time to noon meal. 
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Case 18.—No. 2237 (continued). 


TABLE 


February 27 Water, 
C.e. 
i. m we 
ll a. 7 
i m.-1lp. m 200 
p. m. 75 
> Dp. m 130 
p. ™m SY 
p. m 74 
I 7 a. m 17 


Summary.—No fixation. 


43.—Two-Hour Renat Test, CAse 
Nitrogen 

Speci fle —___—____—— anes = 

Gravity Grams Per Cent. 
1.010 0.73 0.37 
1.016 0.57 0.79 
1.013 0.98 0.49 
1,022 0.90 1.20 
1.021 1.48 1.14 
1.020 0.96 1.08 
1.021 0.92 1.24 
1.0: 4.42 1.39 


733 
18 
Salt 
Grams Per Cent 
0.54 0.24 
OM 42 
0.68 0.34 
0.34 0.45 
oO. 0.48 
0 oOUs 
0.15 0 
1.08 0.34 


Water shows a good response in normal time to 


yn meal; nitrogen a good response but delayed; salt a medium response in 


rmal time 


TABLE 
Marc Water, 

e.c. 

1. O4 

ll a. m 87 

Y 1 P ay 
p. 0 

p. m M 

p. m " 
ip. m 

! 7a. n ns 


Summary. No hixation ot W 


of salt; less of concentration. 


Nitrogen: 


res] 


yonse to noon meal. 





44 


Two-Hour Renat Test 


Nitrogen 


Specific ——_— - 
Gravity Grams Per Cent 
1.010 0.96 0.37 
1.017 0.70 0.87 
1.017 0.64 0.9 

l O.¢4 1.4 

1.025 0.85 1 

1.0 0.29 11 
1.027 0.78 1.40 
| ‘ 4.96 1.8 


ater or nitrogen. 
Water: 
Chlorid: 


Salt 


Grams 


Oo { 
0.45 
0.2% ( 
O17 
0.36 ( 
0.48 ( 
0.1 

l 
0.78 


Per Cent 


Very slight fixation of amount 
Slight, delayed response to noon meal 
Medium, delayed response to noon meal. 


Medium, delayed 
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Case 19.—No. 2246, male, aged 67, married, secretary. Diagnosis: Chronic 
nephritis and hypertension; dilatation of arch of aorta. Urine: acid; specific 
gravity, 1.015-1.021; albumin, very slight trace to large trace; no sugar. Sedi- 
ment: No casts. Blood Pressure: 210-90 systolic. 


TABLE 45.—Functionat Tests 


Phthalein Blood Urea Index Blood Chiorid 
Date in 2 Hours, Urea Ne, (McLean), Chiorid, Difference 
Per Cent. Gm. per Liter Per Cent. Gm. per Liter (McLean 
1/30 es 0.20 18.2 6.55 0.7¢ 
1/31 21 0.18 
2/25 28 








TABLE 46.—Two-Hour Renat Test 
. Nitrogen Salt 

January 30 Water, Specific | ———————qeiie —____ _ - 

c.c. Gravity | Grams Per Cent. Grams Per Cent. 
7-9a.m.. a a a. 2 ae -§ OR 0.80 0.11 0.64 
a eae 21 mn te 0.65 0.12 0.58 
1] @. M.- 1 P. M. ....eeeeee 29 1.084 0.23 0.80 0.10 0.38 
B= BP Wy ccscccccecseses 37 1.082 0.30 0.80 0.10 0.28 
3-Sp.m.. » 1.082 | 0.30 1.00 0.08 0.28 
Oe OR iaiteans 43 1.080 0.90 2.10 0.10 0.2 
GoM Pr By cececccscces oe | 46 1,080 0.55 1.20 0.08 0.18 
9 Pp. m. -7 a Mm. ........ 360 1.022 4.68 1.30 1.76 0.49 


| 





Summary—Water: Amount fixed. Specific gravity somewhat fixed. Almost 
no response to noon meal. Nitrogen: Amount somewhat fixed; concentration 
not. Fair, but delayed response to noon meal. Chlorid: Amount fixed; con- 
centration not. No response to noon meal. 


Case 20.—No. 2292, female, aged 35, widow, clerk. Diagnosis: Chronic 
nephritis (?); neurasthenia. Urine: Acid; specific gravity, 1.009-1.027; albu- 
min, none to slightest possible trace; no sugar. Sediment: No casts. Blood 
Pressure: 120-126 systolic; 84-92 diastolic. 


TABLE 47.—Functionat Tests 





Blood Nitrogen Blood 
Date Urea Nz, Coefficient Chlorid, 
Gm. per Liter (Ambard) Gm. per Liter 
TRRSRAED Bicccccccccccccoccccess 0.09 
NE Win cccesccccaseeeosenss 0.11 0.061 5.85 
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TABLE 48.—Two-Hour Renat Test ('% Fiumps) * 





vitrogen Salt 
February 19 Water, Specific 
eC. Gravity Grams Per Cent Grams Per Cent 
" ~ - . = _ 

7 9 a. m 7 1.021 6 76 ] 0.46 
ll a. 0 67 1.017 41 0.58 0.27 0.41 
la. 0 p. m /1 1.01 0.4 0.46 0.25 
l p. m 7 1.028 0.4 ( 0.78 
p. a 41 1.028 Ot 1. 8 0.68 
7p. m 7 1.01 0.& 0.84 8 0.5 
7-9p. nu 39 1.022 0.14 1.64 17 0.44 
p. 1 i. 1 1.025 49 1.64 ( .40 


* Patient refused part of noon meal. 


Summary.—Some fixation of total output of salt and nitrogen. 


Case 21.—No. 2319, female, aged 42, married, housewife. Diagnosis: Chronic 
nephritis; hypertension; chronic tonsillitis. Urine: Acid; specific gravity, 
1.010-1.027; albumin, none to a trace; no sugar. Sediment: Rare hyaline and 
granular cast. Blood Pressure: 240-164 systolic, 136-100 diastolic. 


TABLE 49.—Functionat TEsts 








Phthalein Blood Urea Index Blood Chlorid 
Date in 2 Hours, Urea No, (McLean), Chlorid, Difference 
Per Cent Gm. per Liter Per Cent Gm. per Liter (McLean 
4 48 
o7 0.10 
3/1 44 
[7 0.1 09.5 5.04 0.138 
TABLE 50.—Appep Urea anp Sat TEs1 
_ 
Nitrogen in Grams Salt in Grams 
Dat : Ss ry 
Intake Output Intake Output 
l rf 7.0 4.0 0.9 Fa excretion of added 
rea; poor excretion of 
11.0 9.5 44 4.4 added salt 
21.0 14.5 4.0 1.0 
4 11.0 5 4.0 8 t 
~ 4 44 4 0.€ 
3/ 9 ».7 5.6 ¢ 1.2 
3/10 8.7 8.0 2.0 
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TABLE 51.—Two-Hour Renat Test, Mopiriep 


Nitrogen Salt 
March 17 Water, Specific ———— a - 
eu Gravity Grams Per Cent Grams Per Cent 
7-9a.1 150 1.011 0.80 0.53 0.26 17 
»- 2a. 152 1.010 0.68 0.45 0.33 
ll a. 1 lp. ! 7 1.01 0.55 0. 0 4 
1 P 141 1.01 0.36 0.61 0.44 
3 Dp 72 1.018 0.71 ” 0.34 ‘ 
5- 7D 87 1.019 04 1.08 04 
7 P ¢ 1.02 0.7 1.16 0.3: 
9 Pp. a 7 a. 0 220 1.026 3.30 1.50 1.01 0.4¢ 
Summary.—Water: No fixation. Good and prompt response to noon meal. 
Nitrogen: Very slight fixation of amount, considering the enforced modifica- 


tion of the nitrogen at the noon meal. No fixation of concentration. Fairly 


good and prompt response to noon meal. Chlorid Amount fixed; concen- 
tration not. Slight but prompt response to noon meal 


Case 22 No. 2324, aged 45, single. saleswoman. Diagnosis Chronic 
nephritis; hypertension; arteriosclerosis; syphilis. Urine: Acid; specific 
gravity, 1.008-1.024; albumin, none to slight trace; no sugar. Sediment Many 
hyaline and granular casts. Blood Pressure: 180-190 systolic, 95-58 diastoli 

TABLE 52.—Functionat Tests 
Phthalein Blood Urea Blood Chlorid 
in Urea Nae, Index Chlorid, Differ Alveolar 
Date > Hours, Gm. per (McLean), Gm. per ence COs, 1 
Per Cent Liter Per Cent. Liter (McLean 
2/16 0.126 oete 5.65 
»/18 43 
. 64 
0.093 65 5.o% 0.259 
3/26 4 4 
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Date 


Summar 


response 
none ort 


Chlorid 


in normal 


TABLE 53. 


Nitroger 


Intake 


| 


Water 


JAMES P. 


n Grams 


Output 


0 
6.4 
4 
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ABLE 54 


Water, 


No 


n normal time to noon 


percentage 
No 


time to nm 


nxati 


concentration 


I 


t amount 


me al 


ADDED 


hixation otf 


meal 


Medium 


or percentage 


O"HARE 


UREA AND SALT 
Salt in Grams 
Intake Output 
4.0 l 
1 
4.0 1.0 
i l 
, l 
4.1 ) 
l 
4 f 
Two-Hour RENA I 
Nitrog 
Speci fic 
’ ivity ty 1 Ss I 
1.036 
1.021 


TEs 


Rat! 
bot 


volume or specifi 


Nitrogen Si 
de lave d 


concentt 


t 


poor excretion o 


added 


me fixation otf 


respon 


atior 


S¢ 


+ 
o mm 


Slight 


Yi 


urea 


Me 
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ana 
‘ 
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Case 23.—No. 2336, aged 68, widow. Diagnosis: Chronic nephritis and 
hypertension; carcinoma of the stomach (?). Urine: Acid; specific gravity, 
1.008-1.022; albumin; none to very slight trace; no sugar. Sediment: Hyaline 
and rare granular cast. Blood Pressure: 218-168 systolic, 140-68 diastolic. 


TABLE 55.—Functionat Tests 


Phthalein Blood Urea Index jlood Chlorid 
Date in 2 Hours, Urea Ne, (McLean), Chiorid, Difference 
Per Cent. Gm. per Liter Per Cent Gm. per Liter (McLean) 
2/18 ‘7 0.175 4 6.38 0.% 
b/ 23 0.265 157 é 0.334 
I 49 


TABLE 56.—Appep Urea AND SALT 


Nitrogen in Grams Salt in Grams 
Date — - —— Ss ary 
{ntake Output Intake Output 

2/28 6.0 5.0 4.0 14 In first test added nitro 
gen was put out well; 

3/1 46 4.6 0 0.6 added salt fairly well 
In second test, with an 

3/ 2 15.0 14.0 3.0 1.7 intervening rheumatic 
fever. the ability to 

3/ 3 8.6 12.0 3.5 1.7 handle the added nitro 
gen fell off. The salt 

3/4 1.0 70 3.7 0.4 was excreted as before 

only fairly well 

3/ 5 8.4 78 13.8 1.0 

/ 6 ‘ 4.0 40 A 

3/ 7 l 6.4 4.4 é 

3/15 8 6 2.0 " 

3/16 8 5 2.5 4 

8/17 as 0 13.7 

3/18 10 6.5 4.0 5.7 

3/19 ¢ 5.4 2.5 28 

3/20 17.9 7.4 3.0 2.8 

3/21 7.3 5.8 2.8 2.2 
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' TABLE 57.—Two-Hour Renat Test, Mopirrep 





Nitrogen Salt 
February Water, Specific — —— - 
ct Gravity Grams Per Cent Grams Per Cent 
7 a.! 120 1.009 0.54 { 
)- lla 122 1.010 0.61 0.18 
l 1. I lf 77 1.01 ( ) ( 
1 Dp ” 1.017 50 ) 
Dp. 1 1.0 ‘ 1.04 8 ‘ 
7p. a i7 1.01¢ Ci 
7 I 10 OF ».49 1 1 
I Za 1.021 ) 8 
Summar Water No fixation of volume or specific gravity Slight, 
delaved response to noon meal. Nitrogen Amount somewhat fixed, concen- 
tration not. Slight response in normal time to noon meal. Chlorid \mount 


and concentration somewhat fixed. Slight, delayed response to noon meal. 


Case 24 N 2357, male, aged 52, married, piano mover Diagnosis : 
Chronic nephritis and hypertension; chronic myocarditis Urine Alkaline; 
specific gravity, 1.010-1.027; albumin, none to very slight trace; no sugar. Blood 


Pressure: 210-180 systolic; 130-100 diastoli 


TABLE 58.—Functionat Tests 


Phthalein Blood Blood 
in Hours, Urea N Chlorid,* 
Per Cent Gm. per Liter Gm. per Liter 


February 18 


February 1 . { 


* Whole blood 
TABLE 59.—Two-Hour Renat TeEs1 


roge 
Marc! Water, Specific — : 
cA Gravity Grams Per ¢ G s Per Cent 
7 i. m 1 1.021 ”" is ¥ ).89 
ll a. m 18 1.020 Of 
ll a. 0 lp. 1! ] 10 ‘ 0.87 
1 Pp. m 1 1.024 1.1 ‘ ( 
p. a 120 1.0 1.4 s 5 8 
7p.1 8 1.0 l ‘ i 87 
7 ip. 1 104 1.021 S 1 “ g 
pp. 7a 7 1.0 8 l 70 


Summary.—Water: Fixation of output and specific gravity. No response 
to noon meal. Nitrogen: No fixation. Fair but delayed response to noon meal. 
Salt Fixation of output and concentration. No response to noon meal 








740 TH! 1R¢ 
f 
Case 25.—No 
nephritis and hypertension. 
; none to trace; no sugar 


tolic, 145-95 diastolic 





HIVES 


Urine: 
Sediment: 


OF 


No casts 


INTERN. 


1L 


2428, male, aged 60, married, policeman. 
Acid; specific gravity, 1.015-1.025; 
Blood Pressure 


VE 





DICINE 


Chronic 
albumin, 
205-150 svs- 


Diagnosis: 


3 TABLE 60—Functionat Tests 
: P} ale Blood Urea Blood Chiorid 
Urea Ne, Index Chilorid, Differ Alveolar 
t Date Hours Gm. per (MeLean), Gm. per ence COs, mm 
fi Per Cent Liter Per Cent. Liter (McLean 
af 
rt 
: 8.4 
i j uy 
i 
be 14 é 
' 3/16 0.228 80.7 6.24 
‘ 
: ABLE 61.—Appep Urea ANd Sart TEs1 
ha 
© 
t Nitrog 1 Grams Salt in Grams 
te Date — Summary 
> Intak Output Intake Output 
7 o¢ 4.0 1 Fair response to added 
urea Added salt test 
18 78 4.0 1.8 not made Apparently 
some inability to handle 
19 6 40 1.4 salt 
H %) 4 1.0 Lf 
TABLE 62.—Two-Hour Renat TEs1 
Nitrogen Salt 
Mare! Water, Specific 
cA Gravity Grams Per Cent Grams Per Cent 
7 1. ; 1.028 0.57 1.74 ( 0.1¢ 
ij , ll a. m oo 1.026 0.97 1.74 0.15 0.% 
1 11 a. m lp 6 1.023 140 1.4 0 ).9¢ 
" 
1 3p. m 68 1.026 1.16 1.70 0.2 0.42 
BH 3-5 p. m 120 1.026 181 1.51 a 0.67 
" >- 7p. Mm 78 1.023 1.05 1.34 0.¢ 0.61 
re 7-9p. m 1) 1.028 0 L.A 0.25 0.49 
9p. m 7a.1 220 1.027 3.41 5 1.4 0.65 
; 
f Summary.—W ater Specific gravity fixed; volume not. Moderate but 
1 ** - . . 
; delayed response to noon meal. Nitrogen: No fixation. Good and prompt 
response to noon meal. Chlorid: No fixation. Slight, delayed response to 
1 noon meal. 
t 
’ 
; 
: 
h 
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Case 26.—No. 2429, male, aged 45, married, teamster. Diagnosis Chronic t} 
nephritis; hypertension; chronic myocarditis; auricular fibrillatior Urine H 
4 - t 
\cid; specific gravity, 1.021; trace of albumin; no sugar. Sediment No casts i 
Blood Pressure 165-125 systolic; 120-90 diastolic y 
TABLE 63.—FunNctionat TEsts 
: 
Phthalein Blood Trea Index Blood Chlorid i 
Date in 2 Hours Urea N McLear Chlorid, Difference " 
Per Cent Gm. per Liter Per Cent Gm. per Lite Mc Lear 
‘1 
f 44 
i 
j 
aii 5 
TABLE 64 App—Ep UreA AND Satt TEs1 k 
cy 
Nitroge 1 Grams Salt Grams 4 
Date S 
Intake Output I ke Output 
g 11.0 12.4 40 is Good response t 1dded 
u « T resp se to 
) 10 4 ‘ s 
1.0 17.8 4 S 
11.0 1 4.0 8 
10.8 7.8 4.0 ‘ 
11.2 14.6 4.0 f ) 
3/24 10.8 13.4 4 8 + 
5 8 8 4.0 1 
6 10.6 12.2 14.0 8 


27 10.4 11.0 1.0 8 
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TABLE 65.—Two-Hour Renat Test 


Nitrogen Salt 
March 3 r, Specific 


Gravity Grams Per Grams Per Cent 


op 


Summary—Water: Fixation of volume and specific gravity with slight, 
delayed response to noon meal. Nitrogen: Fixation of amount and percentage 
concentration with slight, delayed response to noon meal. Chlorid: Fixation 


of amount and percentage concentration with slight delayed response to noon 
meal. 


Case 27.—No. 2438, male, aged 35, single, blacksmith. Diagnosis: Chronic 
nephritis ; hypertension; hemiplegia. Urine: Acid; specific gravity, 1.010-1.015; 
albumin 0.8 gm. to 7.0 gm. per liter; no sugar. Sediment: Occasional hyaline 
and granular cast. Blood Pressure: 140-155 systolic, 100-105 diastolic. 


TABLE 66.—Functionat Tests 





Phthalein Nonprotein 
in 2 Hours, Ne of Blood, 
Per Cent. Gm. per Liter 


March 7. 
March 10... 
March 13 
April 2 
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TABLE 67.—Two-Hour Renat Test 
Nitrogen Salt : 
March 10 Water, Speci fic - 
ex Gravity Grams Per Cent Grams Per Cent ; 
\ 
7 ma a } 
7-9a.m 51 1.020 0.86 1.69 0.48 0.94 i 
)-11 a. m. 63 1.020 0.81 1.29 0.60 0.96 i 
} 
ll a. m 1 p. m 67 1.020 1.00 1.6 0.62 0.92 a 
1-3 p.m 77 1.021 1.17 1.52 0.69 0.90 
5p. m > 1.021 1 1.58 0.86 0.90 
>-7T Pp. m 2 1.020 n 2.78 0.82 0.9 t 
7-9p.m 87 1.021 1.17 1.34 0.78 0.90 
)p. m 7 a. m 477 1.020 9.59 2.01 3.82 0s 1 
Summary.—Water: Fixation of output and specific gravity. Slight response, h 
somewhat delayed, to noon meal. Nitrogen: No fixation. Good response, 
somewhat delayed, to noon meal. Salt: Fixation of output and concentration ‘ 


Slight response, somewhat de 


Case 28.—No. 2444, aged 15, schoolboy. 


Urine: 
no sugar. Sediment: 
80-72 diastolic. 


Phthalein Blood Urea Index Blood Chlorid ? 
Date in 2 Hours, Urea Ne, (McLean), Chiorid, Difference , 
Per Cent Gm. per Liter Per Cent Gm. per Liter (McLean \ 
7 62 
3/26 61 0.106 605 5.99 0.041 
TABLE 69.—Appep Urea anp Satt TEs? 
Nitrogen in Grams Salt in Grams 
Date — Summary 
Intake Output Intake Output 
1 11.0 8.4 4.0 1.4 Good response to added 
urea; poor response to 
3/22 10.9 5.5 4.0 1.1 added salt. 
23 11.1 9.4 14.0 2.9 
3/24 10.9 5.4 4.0 4.2 
3/25 9.8 6.1 4.0 1.6 
3/26 10.7 7.2 4.0 1.6 
3/27 21.0 21.0 4.0 3.2 
3/28 11.0 7.7 4.0 0.8 
3/29 11.2 8.3 40 6.8 


Acid; specific gravity, 1.011-1.015; albumin, trace to 3 gm. per liter; 
Rare granular cast. 


TABLE 68—Functionat TEsts 


——- = 





layed, to noon meal. 


Diagnosis: Chronic nephritis (?). 


Blood Pressure: 140-110 systolic, 














744 THE ARCHIVES OF INTERNAL MEDICINE 
TABLE 70.—Two-Hour Renat Test 
; —— — = 
j Nitrogen Salt 
i March 1 Water, Specific —_——— ——_———_ — 
{ C4 Gravity Grams Per Cent Grams Per Cent 
i 
i 7-9 a.m 415 1.011 1.66 0.40 1.53 0.37 
i" ®-ll a.m 365 1.010 2.04 0.56 1.31 0.36 
H 
i ll a. m.-1p.m 142 1.018 1.12 0.79 0.54 0.38 
; 
if 1-3 p. m. 15. 1.021 1.64 1.07 1.01 0.66 
p. m 124 1.020 1.14 0.92 0.81 0.65 
w 5 7p. 240 1.018 1.20 0.50 1.08 0.45 
e 7-9p. m 56 1.022 0.69 1.28 0.60 0.47 
+ 
HI 9 p. m. - 7 a. mM. 165 1.026 2.46 1.49 0.66 0.40 
: 
: ; . , , 
Summary.—Water: No fixation. Medium, delayed response to noon meal. 
: Nitrogen: No fixation. Medium, prompt response to noon meal. Chlorid: 
: No fixation. Slight but prompt response to noon meal. 
if 
q 
; Case 29.—No. 2449, female, aged 18, single. Diagnosis: Chronic nephritis 
fi; and hypertension. Urine: Acid; specific gravity, 1.008-1.016; albumin, trace 
3 to large trace; no sugar. Sediment: Very rare hyaline cast. Blood Pressure: 
258-218 systolic; 174-150 diastolic. 
TABLE 71.—Functionat Tests 
Phthalein Blood Urea Index Blood Chiorid 
Date in 2 Hours, Urea Ne, (McLean), Chiorid, Difference 
Per Cent. Gm. per Liter Per Cent Gm. per Liter (McLean) 
/9 3 
19 0.005 16.2 ‘ ; 77 
TABLE 72.—Appep Urea anp Sart TEst 
Nitrogen in Grams Salt in Grams 
Date Summary 
Intake Output Intake Output 
: 10 4 ( 8 3.1 Poor response to both 
. added urea and salt, 
/11 a ¢ 4.0 2.6 particularly the latter 
: 3/12 a 6 0 0 
1 13.8 5.1 4.0 24 
’ 
/i4 4.0 4.0 4.2 4 
3/15 45 G 40 1.6 
16 3.0 38 } 13.4 { 
fi7 2.9 3.8 2.0 0 
is 3.8 4.3 4.0 2.6 
; 








March 





; Pp l 

>-TpP. Nn 

7-9 p. mn 

op. a 7 acl 
Summar) Fixation 
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TABLE 73.—Two-Hour Renat TEst1 


Nitrogen Salt 
Water, Speci fic 
C4 Gravity Grains Per Cent Grams Per Cent 
7 1.012 0.21 0.45 0.06 0.14 
8 1.011 0.2% 0.49 ).16 0.24 
18 1.010 0.27 0.28 0.25 0.26 
108 1.010 0.37 0.34 ).37 0.34 
7 O11 44 8 0 
f 1.010 l 0.50 l 21 
74 1.010 47 0.19 0.2 
4350 1.009 s 4 1.1 0.2 


of all ele ments, both total output and percentage con- 


centration. Slight response in normal time to noon meal in all elements 


Case 30.—No. 2473, female aged 41, married, housewife. Diagnosis: Chroni 


nephritis; hypertension; ventral hernia. Urine: Acid; specific gravity, 1.010- 








1.018 albumin, none to very slight trace; no sugar Sediment: Rare hyaline 
and granular cast. Blood Pressure: 208-172 systolic, 115-83 diastolic 
TABLE 74.—Functionat Tests 
Phthaleir Blood Blow Chlorid 
Date it Hours, Urea N Chiorid, Difference 
Per Cent Gm. per Liter Gm. per Liter Mc Lear 
190 0.098 159 6.75 0.125 
24 59 
TABLE 75.—Appep Urea anp Satt TEs1 
Nitrogen in Grams Salt in Grams 
Date Summary 
Intake Output Intake Output 
4. ¢ 10 0 4.0 Lf Good response to added 
rea; poor response to 
4/10 ( 6.4 4.4) added salt 
4/11 1.0 14.5 44 { 
4/12 11.0 4 4.0 
4/18 11.0 ? 4.0 8 
414 6. > 4.0 44 
4/15 11.0 4 4.0 oR 








} 
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TABLE 76.—Two-Hour Renat Test 


Nitrogen | Salt 
April 20 Water, Specific — _ — 
c.c. Gravity Grams Per Cent. Grams Per Cent 
| 

7 °9 G. By oe 80 | 1.017 0.65 ).81 0.06 0.08 
9-ll a. m % | 1.015 O.K 1.05 0.04 0.08 
11 a. m.-1p. m 42 1.020 0.54 1.28 0.08 os 
1 8 p. m. “0 1.025 OAT 1.64 0.02 0.04 
3-5 p.m 52 1.025 0.88 1.60 0.04 0.08 
5-7 p. m.. 123 1.018 1.18 0.96 0.28 0.2 
7-9p. m.. 108 1.020 94 0.87 0.42 0.23 

=) 1.021 3.01 94 1.06 0.3 


9p. m.- 7 a. m 


Summary.—Water: Shows no fixation. Medium, delayed response to noon 
meal. Nitrogen: Shows no fixation. Medium, delayed response to noon meal. 
Chlorid: Shows suggestion of fixation in both amount and concentration 
Slight, delayed response to noon meal 


Case 31.—No. 2486, male, aged 63, single. Diagnosis: Chronic nephritis; 
hypertension; arteriosclerosis; dilatation of aortic arch. Urine: Acid; spe- 
cific gravity, 1.010-1.015; albumin, slight trace to 2.5 gm. per liter; no sugar. 
Sediment: Occasional hyaline and granular cast Blood Pressure: 210-140 
systolic, 110-84 diastolic. 


TABLE 77.—Functionat Tests 








Phthalein Blood Blood Chliorid 
Date in 2 Hours, Urea Ne, an), Chlorid, Difference 
Per Cent Gm. per Liter Per Cent Gm. per Liter (McLean 
3/14 13 
3/17 0.61 5.9 6.3 0.571 
3/26 12 


TABLE 78.—Appep Urea AND SAtt 


Nitrogen in Grams Salt in Grams 
Date - — —__—— — Summary 
Intake Output Intake Output 
3/25 10.8 10.4 4.0 2.5 Fair response to added 
salt. Apparently able to 
11.0 9.7 40 2.7 handle nitrogen pretty 
well. 
10.9 7.6 14.0 3.4 
11.0 12.5 4.0 5.8 


21.0 Lost 4.0 Lost 





i al a os a 
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FABLE 79.—Two-Hour Rena Test 
Nitrogen Salt 
Mareh 17 Water, Specific -— —_—- - 
CA Gravity Grams Per Cent. Grams Per Cent 
7 a. m f 017 0.50 8 0.008 16 
-ll a. m 87 8 76 ).87 0.19 o¥ 
ll a.m.-1p " 1.019 0.88 gs 1.95 
p. u 1.018 90 ).80 6 
5 p. m 1.018 1.12 & 0.41 0.30 
5-7p.n 7 1.017 0 8 Al 
7-9p.0 f 18 0.79 0.81 0.19 ) 

p. 0 7a. 1 s { 0 0.80 0.17 .44 

Summary.—Water: Slight fixation of volume; moderate fixation of specific 
gravity. Slight, delayed response to noon meal. Nitrogen: Well-marked fixa- 
tion of percentage concentration. Slight, delayed response to noon meal. 
Chlorid: Fixation of both amount and percentage concentration. Slight, 
delayed response to noon meal. 

Case 32.—No. 2512, female 55, single, housekeeper Diagnosis: Chronic 
nephritis ; hypertension; aphasia. Urine: Acid; specific gravity 1.006-1.022; albu- 
min, none to very slight trace; no sugar. Sediment: Rare hyaline cast. Blood 
Pressure: 250-142 systolic; 100-65 diastoli 

TABLE 80.—Functionat Tests 
Phthalein Blood Urea Index Blood Chlorid 
Date I Hours, Urea N MeLe Chlorid, Difference 
Per Cent Gm. per Liter Per Cent Gm. per Liter (McLean) 
4 
45 1 “2 6.4 61 
/ 7 6 
4/34 7 
rABLE 81.—Appep Urea ANpd Sat TEs1 
| 
Nitroge Grams Salt Grams . 
Date - Summary 
Intake Output Intake Output 
4.0 Good response to added 
rea; poor response to 
24 4 4 4.0 , added salt. 
5 0.6 4. 9 
or 4 6.4 4.0 
7 4.1 5.4 4.0 1.1 
3/28 4.1 4.6 40 10 
29 4.0 4.7 14.0 4 
4.0 45 40 4s 
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TABLE 82.—Two-Hour Renat TEst7 





Nitrogen Salt 
April 5 Water, Speci fic 
Ce Gravity Grams Per Cent Grams Per Cent 

7-9 a.m 1.00 04 0.18 04 0.18 
9-11 a.m 150 1. s : 0.44 ) 
ll a. m lp. a 14 1.010 0.40 28 0.27 1 
1 p. m 14 1.010 4 0.30 0.21 0 
8-5pD. m r} 1.017 0.40 0.51 0.21 0.27 
5-7 p.m ] 1.019 62 ).59 0.51 0.4 
7-9p. m 1.018 0. 0.68 0.38 

9p. m.-7 a.m 4 1.0% 1.64 71 7 0.59 





Summary.—Water: No fixation of volume or specific gravity. Slight, delayed 
response to noon meal. Nitrogen: Slight fixation of amount. Slight, delayed 
response to noon meal. Chlorid: Slight fixation of amount. Slight, delayed 


response to noon meal 


Case 33.—No. 2548, 33, female, married, housewife. Diagnosis: Nephritis 
subacute, of pregnancy. Urine: Acid; specific gravity 1.006-1.020; albumin, very 
slight trace; no sugar. Sediment: Very rare hyaline, granular and cellular cast. 
Rare red blood c rpus¢ le Blood Pressure: 158-118 systolic: 98-66 diastoli 


TABLE 83.—Functionat Tests 





Phthalein Blood Urea Index Blood Chlorid 
Date in 2 Hours, Urea Nz, (McLean), Chiorid, Difference 
Per Cent Gm. per Liter Per Cent Gm. per Liter (McLean 
3/28 65 
3/29 0.004 215 5.9 0.207 
4/3 55 
4/i4 52 


TABLE 84.—Appep Urea AND Satt TEs? 





Nitrogen in Grams Salt in Grams 
Date ——_— —_—— - Summary 
Intake Output Intake Output 
4/1 11.0 8.6 4 2.2 Good response to added 
urea; poor response to 
4/2 9.8 7.6 4.0 2.2 added salt. 
4/3 21.0 17.0 4.0 2.6 
4/4 10.9 11.0 4.0 2.2 
4/5 10.8 10.5 4.0 14 
46 10.7 5.6 4.0 1.1 
4/7 10.0 13.0 14.0 4.0 


4/8 11.0 1.6 40 4.0 














; 
| 
: 
: 
/ 











TA 


March 29 
7 a. m 
9-11 a. m 
ll a. nu 1 p. m 
1 p. m 
> p. m 
5-7p. m 
vp. m 
9p. 7a. u 


Summary Water 
Nitrogen: No fixation 
fixed; concentration not 
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BLE 85.—Two-Hour Rena TEs1 
Nitroger Salt 
Water, Speci fle 
cA Gravity Grams Per Cent Grams Per Cent 
164 010 ay ( > 0.08 
75 l ) 
1.008 17 08 
4s 1.02 0.67 ‘ ) 
64 1.018 l 0.09 li 
Si 1.0 i4 68 ) 
48 1.0 50 1.0 ) 
un 1.02 7 ) 4 17 
No fixation. Good and prompt response to noon meal 
Good but delayed response to noon meal. Salt: Amount 


Practically no response 


t 


» noon meal 


Case 34.—No. 2567, male, 30, married, enamel worker. Diagnosis: Chron 
nephritis ; hypertension; chronic valvular disease; mitral insufficiency ; albumin- 
uric retinitis. Urine Acid; specific gravity 1.006-1.011; albumin, 2 to 3.5 gn 
per liter; no sugar. Sediment: Many hyaline and granular casts. Blood Pres 
sure 195-170 systolic 145 140 diastolic 

TABLE 86.—Functionat TEsTs 
Phthalein Blood Urea Index Blood Chilorid 
Date n 2 Hours, Urea Ne, fc Lean Chiorid Differenc 
Per Cent Gim. per Lite Pe Cet G pe Lite McLean 
iy Trac 
4 0 5 S 4 
TABLE 87.—Appep Urea AND Sart TEst 
Nitrogen in Grams Salt in Grams 
Date . : Summary 
Intake Output Intake Output 
3/ 7 11.0 8 4.0 Apparently a good re 
sponse to added urea 
. 11.0 1 4.0 but a poor one to added 
salt 
’ 11.0 12.2 4.0 2.8 
10 21.0 Lost 4.0 Lost 
ll 11.0 15 4.0 4 
3/12 11.0 6.9 4.0 14 
13 11.0 8 4.0 14 
8/14 11.0 10.0 4.0 1.4 
8/15 11.0 13.4 4.0 14 
16 11.0 4 14.0 1.8 





O->-— 0 ee es 


THE 


April 5 


9-11 a. m.. 


ll a. m.-1p. m... 


- 3 p. 


OF INTERNAL MEDICINE 


TABLE 88.—Two-Hour Renat TEst 


Nitrogen Salt 
Specific — _——_——_—_—_ 
Gravity Grams Per Cent. Grams Per Cent 


1.017 
1.017 
1.017 


1.017 


-5 p. m.. 1.017 
ae = 1.016 
-9 p.m... ee 23 1.016 t 0.26 
ip. m.-7 ! : 5 1.015 2. .5 1.05 0.20 

Summary.—Water: Amount and specific gravity moderately fixed. Slight, 
delayed response to noon meal. Nitrogen: Amount and percentage concentration 
both fixed. Slight, delayed response to noon meal. Salt: Amount and percentage 
concentration fixed at a low level. Slight delayed response to noon meal. 


RESULTS OF THE TWO-HOUR RENAL TEST 


An analysis of the results given above for the cases of nephritis 


shows that the curves of water, nitrogen and chlorid excretion in a 
given case are on the whole, very similar. This is especially true in 
the comparison of the curves of water and chlorid output. Twenty- 
six out of thirty-two curves analyzed are almost complete counterparts 
as far as these two factors go. The remaining six are almost parallel, 
two being completely so in the afternoon. This would tend to show 
that, in the diseased kidney at least, water and salt obey very similar 
laws of excretion. The water and nitrogen curves are not so closely 
parallel. However, in thirteen out of twenty-six cases they are nearly 
parallel and in only two of the remaining thirteen are they very 
different. 

With the two-hour renal test the diseased kidney shows its loss of 
function in several different ways, dependent on the severity of the 
case. Any combination of the following may be obtained. There may 
be general lowered excretion of water, nitrogen and salt throughout 
the test. As is expected, the very low outputs occur in the more severe 
types. There may be hypersensitivity. In certain mild cases the kid- 
neys show hypersensitivity, especially in the morning, by putting out 
an abnormal amount of any or all of these elements for one or two 
periods. This is frequently associated with an afternoon fatigue., In 
cases displaying this latter condition the kidneys seem to do fairly well 
until they are crowded by the products of the heavy noon meal. Of 
course, the severe cases show fatigue all the time, if you wish to call it 
such. But I am referring here particularly to the mild cases that com- 
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ply with the foregoing. Then there may be a decreased or delayed 
response to the noon meal or there may be fixation, more or less com- 
plete, in the curve of excretion of any or all three elements. In these 
cases the power of excretion is fixed at a definite level and even the 
large noon meal cannot increase the height of this level. As a result 
we have a flattening out of the various curves. 

With these possibilities in mind let us see what our cases have shown 
by the two-hour renal test. 


WATER EXCRETION AS SHOWN BY THE TWO-HOUR RENAL TEST 

The output of water in thirteen out of thirty-two tests performed 
on cases of nephritis (41 per cent.) approached fairly closely to the 
normal. These cases on the whole were of a fairly mild type or were 
complicated by cardiac conditions. Five out of the thirty-two tests 
showed a very moderate, and fourteen, a distinctly low, output. The 
larger number of the cases, therefore, showed a lowered excretion of 
water. Only two cases showed well-marked hypersensitivity. Five 
showed a distinct afternoon fatigue. Nineteen out of thirty-two (59 
per cent.) showed a slight response to the noon meal, ten (31 per cent.) 


a medium response, and only three (9 per cent.) a good one. Twenty 


cases (63 per cent.) were characterized by a distinct delay in the time 
of response, whereas twelve (37 per cent.) were normal in this respect. 
The large majority of those showing a medium or slight response were 
characterized also by a delayed response. 

Ten out of thirty-two tests (30 per cent.) showed a distinct fixation 
of both volume and specific gravity. Six (19 per cent.) showed a 
fixation of specific gravity with more or less variation in volume. In 
these, the concentration power was apparently impaired. In this group 
it was noticed that the two most severe cases showed a fixation at a 
low level, whereas the other four, which were less severe or were com- 
plicated by myocarditis, showed a fixation at a higher level. Another 
group of two cases showed a somewhat different condition. In these 
the volume remained fixed but the specific gravity varied. Here the 
concentrating function was apparently preserved. One of these (and 
possibly both) was a case of myocardial insufficiency. A group of 
fourteen (44 per cent.) all comparatively mild, showed no fixation 
whatsoever. 


SALT EXCRETION AS SHOWN BY THE TWO-HOUR RENAL TES1 
The large majority of the curves, from cases of nephritis, twenty- 
six out of thirty-two (81 per cent.), showed a low output of sodium 
chlorid. This is a considerably greater number than those with low 
water excretion. Five (16 per cent.) showed a medium, and only one 
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(3 per cent.) a high, excretion of salt. Three showed definite hypersen- 
sitivity. Ten (31 per cent.) tired in putting out the salt during the 
afternoon. With regard to the noon meal, in twenty-six cases (81 per 
cent.) there was only a slight response. In six the response was 
medium, and in none was it normal. Twenty cases (63 per cent.) 
showed a distinct delay in response to the large noon meal. Seventeen 
out of thirty-two showed almost complete fixation both of amount and 
percentage concentration of salt. Most of these, too, had a low output 
znd low concentration. In nine there was a fixed amount but a varying 
percentage; in all but one of these the fixation was low. These 
retained, at least to a certain degree, their power of salt concentration. 
Only five showed no fixation whatsoever. This is in contrast to four- 
teen cases in which the water output showed no fixation. 


NITROGEN EXCRETION AS SHOWN BY THE TWO-HOUR RENAL TEST 

Nitrogen excretion seems to be much less affected than either salt 
or water excretion. Unly twenty-six determinations were made. Eight 
showed a low, eleven a medium, and seven a fairly normal, output. 
Four displayed fairly well marked hypersensitivity. Only five showed 
afternoon fatigue. Fourteen patients showed only a slight response 
to the noon meal, seven a medium, and five a good, response. In seven- 
teen cases there was a distinct delay in putting out the increased nitro- 


gen ingested at the noon meal. The rest were normal. Only seven 
cases were characterized by marked fixation. These were the most 
severe cases studied. Six showed a fixation of amount but not of con- 
centration. In thirteen there was no fixation at all. 


DISCUSSION OF EXCRETION OF WATER, SALT AND NIPROGEN AS 
SHOWN IN THE TWO-HOUR RENAL TEST 


As can be seen from the foregoing, the chlorid excretion of the 
kidney is more seriously, and presumably more quickly, affected than 
either of the other two functions. The excretion of water and total 
solids runs fairly close to the chlorid excretion. The ability of the 
kidney to handle nitrogen however, seems to be maintained consider- 
ably longer than the other two elements. This bears out our observa- 
tions in other tests that the excretion of salt is usually impaired sooner 
than that of nitrogen, and that when both are affected in a given case 
the impairment of the nitrogen excretion is less marked than that of 
the salt. . 

We have been led to believe that the most significant parts of the 
test are the response to the noon meal and the degree of fixation in the 
curves. However, the delicacy of the test is vouched for by the fact 
that not a single case of chronic nephritis, no matter how mild, failed 
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to show in one or more elements (water, salt and nitrogen) some dis- 
turbance of function such as hypersensitivity, fatigue, etc. Many of 
the milder cases, too, were normal in function as far as other tests 
like the phenolsulphonephthalein, blood urea, etc., could indicate. How- 
ever, it must be borne in mind that normal cases may show, temporarily 
at least, these slight disturbances of function. 

Putting the various curves in each case together, certain observa- 
tions as to the severity of the disease can be made out. As to the 
amount of response, seven of the nine cases that showed only a slight 
response in all three elements were severe. The time of response 
seemed less important. Seven showed a delayed response in all three 
elements. Two of our most severe cases, however, showed no delay 
whatsoever, and three that did show delay were comparatively mild. 

Fixation seems to be the most important part of this test. From 
the point of view of fixation in all three elements, it is seen that in our 
six worst cases the fixation was marked in both amount and percentage 
concentration. In only two was there no fixation whatsoever. These 
were extremely mild cases. Even in these, however, the test showed 
abnormal function by afternoon fatigue, delayed response, etc 
Between these two groups of extremes, the cases display varying 
amounts of fixation in excretion of one or more elements—the more 
severe the greater the fixation. 

It was thought that those cases complicated by cardiac conditions 
might be characterized in a special way. This, however, was not found 
to be true always. Some did show a high level of fixation in volume 
of urine and specific gravity with a low level of concentration and 
amount of sodium chlorid. These may have-been more truly cases of 
myocardial insufficiency with added renal involvement. However, we 
were not convinced that this was characteristic of cardio-renal cases 

The test is by no means without faults. The most important is that 
it cannot be used in all cases of chronic nephritis. In very severe cases 
of course, no such diet can be taken even when the heavy noon meal 
is modified, as was done by us for some patients. This, of course, may 
interfere more or less with our results, inasmuch as the reduction in 
the meal may just fail to show fixation when the full meal would do so. 

In some cases the patient is made temporarily worse by the full diet. 
Then, too, digestive disturbances, indicated by distress after the noon 
meal, may cause a delayed absorption in the stomach and intestines. 
The various elements then get to the kidneys slowly and in small 
amounts. This would, of course, interfere with the proper interpreta- 
tion of results. Cases with edema cannot be studied very satisfactorily 


because of the unstable water metabolism. 
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COMPARISON OF TWO-HOUR RENAL TEST AND ADDED UREA 
AND SALT TEST 


To try out the comparative efficiency of the two-hour renal test and 
the added urea and salt test and to see if the former could supplant the 
latter, we can compare the results of both tests made on the same 
patient in twenty-one cases of chronic nephritis. Of these, five had no 
nitrogen determinations in the two-hour test because at that time we 
were not quantitating the nitrogen. 

The very nature of the tests prevented their being done synchron- 
ously. The two-hour renal test was usually made either just before 
or just after the other test, As a result there were frequently several 
days between the two tests. Despite this fact, however, there was a 
surprisingly close parallelism between the results obtained by both 
methods. Of the twenty-one cases all but two showed pretty complete 
agreement in all phases. One of these (Case 26) showed an excellent 
response to added urea but a distinct fixation of nitrogen output in 
the two-hour test. The fixation, however, was at a high level and may 
have been accounted for by the fact that the patient had at this time 
a changed circulation from chronic myocarditis and auricular fibrilla- 
tion. (McLean’s urea index showed fair ability to handle nitrogen). 
The second case (Case 32) showed the same functional result. The 
patient had been on a low-protein diet preceding the added urea. This 
may have caused a temporary improvement in her nitrogen function, 
which had again become weaker when the two-hour renal test was made 
about one week later. (In this case, too, McLean’s urea index showed 
fair ability of the kidney to handle nitrogen. ) 


COMPARISON OF THE DIETARY TESTS WITH THE INDICES OF 
NITROGEN AND SALT EXCRETION 


The objections to these dietary tests cited above make it evident that 
they are not entirely satisfactory. The methods of obtaining the indices 
of urea and salt excretion as worked out by Ambard and McLean and 
others obviate many of these difficulties because they do not necessitate 
fixed diets and prolonged quantitative observations. It is interesting 
to see how the results obtained from the dietary tests compare with 
those furnished by the indices of excretion. In fifteen patients both of 
the dietary tests were made and the indices of excretion were calculated. 
In addition, the phenolsulphonepthalein excretion was observed. The 
blood urea-nitrogen and the blood chlorid figures were known so that 
these might be used to check up the value of the other methods. 

Of course a comparison of such results presents many difficulties 
but a study of these cases (Cases 11, 12, 16, 17, 18, 22, 23, 25, 26, 28, 
29, 30, 31, 32 and 34) will show how far the various tests agree and to 
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a certain extent which test seems to give uniformly the best index of 
the condition of the patient as judged from the sum total of observa- 
tions on the patient. The phenolsulphonephthalein output and blood 
urea figures seem to agree pretty well. In a number of cases they are 
almost normal and yet the other tests give evidence of functional dis- 
turbance. 

The question of the comparative values of these tests narrows itself 
down to a determination of whether the shorter and simpler nitrogen 
and salt tests of Ambard or McLean are as satisfactory as the more 
difficult and complex dietary tests of von Monakow and Hedinger and 
Schlayer. When we compare these tests in our group of cases we note 
that in two cases (Cases 11 and 18, March 2) the two-hour renal test 
shows us a greater disturbance of salt excretion than is indicated by 
the indices of excretion. However, the difference is marked only in 
one. On the other hand in two more cases (Cases 25 and 32) the 
opposite effect is noted, the indices of excretion indicating a greater 
impairment of function. With regard to nitrogen function we find 
that in only one (Case 11) does the two-hour renal test show greater 
renal disturbance than does the index of urea excretion. The deter- 
mination of the index of excretion brings out distinctly greater loss of 
function in six other cases than is indicated by the dietary tests. In 
the other patients the results of the two tests are about the same. 

It would seem from this that the indices of urea and salt excretion, 


especially the former, as determined by Ambard’s or McLean’s for- 


mulas, are more satisfactory tests of renal function than the others 
here referred to, as they give us as much information as any of the 
other tests, especially in the milder cases; they are distinctly shorter 
than the dietary tests since they can be completed in two hours, if neces- 
sary, and they are not especially difficult to carry out. The phenol- 
sulphonephthalein excretion, to be sure, is less difficult of determina- 
tion than any of these but it is by no means as satisfactory in cases 
of chronic nephritis because in the earlier stages of the condition it may 
be essentially normal although there are definite disturbances in salt, 
nitrogen or water excretion. A simple determination of blood nitrogen 
similarly may give normal figures in milder cases, while the calculated 
index of excretion is distinctly abnormal. For the determination of 
these indices of excretion no dieting or preliminary preparation is 
required and the determinations can be made on all but moribund 
patients. Hence they have an advantage over the longer dietary tests. 
More investigation, however, is still needed for a proper understanding 
of a number of factors which seem to influence the index of excretion 
apart from the renal lesion. One of these factors is the influence of 
the amount of water excretion on the index of excretion of urea or 
salt in a given individual. This phase of the subject is at present under 
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investigation. The factors which lead to very high indices of urea 
excretion too are not thoroughly understood at present. These and 
other points must be studied before the indices of excretion can be 
used with complete satisfaction in the study and subsequent dietary 
arrangement of our cases of chronic nephritis. 


SUMMARY 


Several methods have been proposed for the study of salt and 
nitrogen excretion in chronic nephritis. In one method, with the patient 
on a standard diet, the elimination of an added amount of salt and 
nitrogen is followed for several days; in another, the salt and nitrogen 
excretion is quantitated for one day in two-hour urine specimens with 
the patient on several standard meals of varying composition, A third 
way is to quantitate salt and nitrogen in the blood and urine and express 
their relations by a formula giving an index of excretion. In thirty 
cases the first two tests have been carried out along with other tests of 
renal function. The second, or two-hour renal test as we have called 
it, requires a shorter observation in the hospital and the main part of 
the test occupies only twenty-four hours of the patient’s time, while 
the first, or added urea and salt test, requires ten or twelve days of 
hospital observation on a standard diet. The shorter test appears to 
yield almost the same facts as the longer. In general, salt excretion is 
impaired before there is much disturbance of water and nitrogen excre- 
tion; in most patients salt and water excretion behave very similarly ; 
the nitrogen excretion is greatly impaired usually only in the severe 
cases. Salt, water and nitrogen excretion show some disturbance in 
even the very mild cases in which phenolsulphonephthalein excretion 
is normal, and there is no increased blood nitrogen. These dietary tests 
can not be used in all cases of chronic nephritis. They cannot be 
carried out in those that are very severe. The methods involving 
the determinations of the indices of excretion of urea and salt do not 
have a number of the difficulties met with in carrying out the dietary 
tests. These indices were determined in fifteen cases in which both 
dietary tests were carried out, and the indices seemed to give as much 
information as the other tests and to possess distinct advantages inas- 
much as they can be determined for practically every patient and 
require considerably less time and less labor in their execution. The 
great advantage of all three of these tests is that they give information 
as to disturbed renal function in those mild cases in which phenol- 
sulphonephthalein excretion is normal and the blood urea-nitrogen is 
not increased. 





EXPERIMENTAL HYPERCHOLESTEROLEMIA * 


KAETHE DEWEY, M.D. 


CHICAGO 


In previous experimental work’ a watery colloid emulsion of choles- 
terol was used and proved to be such a satisfactory preparation for 
intraperitoneal injections in rabbits and guinea-pigs, that I employed 
it again as most suitable for producing a direct hypercholesterolemia. 
The use of such emulsions eliminates some of the objectionable fea- 
tures attending the prevalent method of administering cholesterol by 
feeding. The necessity of resorting to solvents such as fats and oils 
involves the production of a fat infiltration which, although not con- 
sidered as pathological, necessarily masks the effects of cholesterol on 
the tissues to some extent and complicates the conclusions. 

Instead of Merck’s pure cholesterol, I used a preparation obtained 
from gallstones by extraction with ether in the Soxhlet apparatus. For 
the separation of all saponifiable substances from this ether extract, a 
method was employed which is based largely on Kumagawa and Sutro.* 
Five grams of the dried ether extract are dissolved in 350 to 400 c.c. of 
petroleum ether; to this, 70 c.c. of a 1 per cent. absolute alcoholic solu- 


tion of potassium hydroxid and 30 c.c. of distilled water are added. 


The mixture is shaken and the ether solution of cholesterol separated 
from the alcoholic solution of soaps in the separating funnel. The 
petroleum ether is evaporated and the dry cholesterol treated in the 
same manner a second and, if necessary, a third time. It is finally 
recrystallized with alcohol. The melting point of this preparation was 
between 146 and 147 C. (294.8 and 296.6 F.). 

In order to make a watery colloidal emulsion from this crystalline 
substance by the method of Porges and Neubauer* cholesterol is dis- 
solved in acetone and added in small amounts to large quantities of 
distilled water while stirring. The acetone is evaporated and another 
portion of the acetone solution is added, the acetone evaporated, and 
so on, until all the cholesterol necessary for the desired strength has 
been used. The emulsion is finally filtered through an asbestos filter. 
When large quantities of this preparation and rather high concentra- 


*From the Pathological Laboratory of Rush Medical College and the Otho 
S. A. Sprague Memorial Institute, Chicago. 

1. Dewey and Nuzum: The Effect of Cholesterol on Phagocytosis, Jour. 
Infect. Dis., 1914, xv, 472. 

2. Kumagawa and Sutro: Bestimmung des Cholesterins nebst den anderen 
unverseifbaren Substanzen, Biochem. Ztschr., 1908, viii, 315. 

3. Forges and Neubauer: Physikalisch chemische Untersuchungen uber das 
Lecithin und Cholesterin, Biochem. Ztschr., 1907, vii, 152. 
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tions are needed, as for example in these experiments, this method is 
not ideal, as it consumes an enormous amount of time. The chief 
difficulty was in getting all of the cholesterol into the state of a fine 
emulsion ; some of it frequently floated on top as “foam.” The obser- 
vation, however, that this so-called foam when taken up with fresh 
acetone will easily and quickly go into the emulsion, whether or not 
acetone is still present, led to the modification of the method.t. To a 
concentrated solution of cholesterol in acetone, warm distilled water is 
added slowly until the acetone solution, when heated, does not turn 
clear again. Enough acetone is added to redissolve the precipitate. 
The clear solution is then slowly poured into warm distilled water. 
If some of the cholesterol foams out, it is taken up with acetone and 
added to the emulsion. It is then boiled in small quantities and filtered 
through an ordinary fine filter paper, using a fresh paper for every 
new portion. The total is reduced to the desired strength by vacuum 
distillation and the emulsion finally refiltered. 

The making of such an emulsion is time consuming, but, when once 
made, it is an exceedingly satisfactory preparation. Its chief virtue 
is its great stability. Such emulsions have been kept for three months 
and longer without undergoing any apparent change. Heat does not 
affect them; they can be sterilized in the autoclave repeatedly. They 
were tested by adding serum and fresh blood from normal and 
cholesterolized rabbits as well as physiological salt solution. By. none 
of these fluids was the cholesterol precipitated out from its colloidal 
state. Whatever the ultimate fate of the colloid cholesterol in the 
blood, it is evidently carried off by the blood stream from the place 
of the injection without leaving any deposits there. It was thus possi- 
ble, for example, to make thirty injections in daily succession into the 
veins of the ears of one rabbit. After intraperitoneal injections, 
cholesterol deposits in small nodules were generally found on the 
mesentery, liver, spleen and the under surface of the diaphragm. 

The experiment consisted of intraperitoneal or intravenous injec- 
tions of emulsions of cholesterol into twelve rabbits. Control animals 
received injections of distilled water from which the added acetone 
was evaporated. 

It seemed proper to assume that the finer the state of division of 
the colloid cholesterol in the emulsion the better would be the rate and 
degree of absorption. To test this, three rabbits were injected intra- 
peritoneally with emulsions which had not been filtered, and which 
ranged between 2 and 5 per cent. in concentration. Two of them 
received seven injections of respectively 20 c.c. and 10 c.c. and were 
killed eleven days after the first injection. The third animal was 


4. Dewey, Kaethe: The Preparation of Colloidal Emulsions of Cholesterol, 
Tr. Chicago Path. Soc., 1915, ix, 321. 
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injected once with 10 ¢.c. of a 5 per cent. emulsion and was killed five 
days later. The first two animals had lost in weight at the end of the 
experiment. The postmortem examination showed that some of the 
cholesterol had not been absorbed; it was deposited in small nodules, 
2 and 4 mm. in diameter, chiefly on the liver, spleen and under surface 
of the diaphragm. The microscopic examination gave convincing evi- 
dences that such emulsions are violent in their effect on the tissue, 
especially on that of the liver. In all three rabbits lesions were found 
in this organ which have something of the character of an infarct or 
sequestrum; they are sharply demarcated areas of sometimes con- 
siderable dimensions, showing marked destruction of the liver struc- 
iure and enormous deposits of cholesterol in the center, surrounded by 
a zone of rarified tissue and an outer zone of dense round-cell infiltra- 
tion. Undoubtedly these deleterious etfects of the colloidal cholesterol 
ire due to physical properties, that is, to the presence of large droplets 
and so-called foam and to the high concentration. Such lesions were 
not produced by finely filtered emulsidns of low or moderate strength, 
vhich were employed in all subsequent experiments. Only in one 
rabbit with previously existing senile changes were similar foci found 
in the liver; they were, however, few in number and small in dimen- 
sions. 

Three rabbits were injected intraperitoneally with doses of 10 c.c 
of a 2 per cent. emulsion, two of them three times a week for a period 
of three and five months and the third every day for two months. The 
first two animals showed a gain in weight at the end of the experiment ; 
the third rabbit lost in weight and was somewhat dull during the last 
two weeks 

Two rabbits of another group were injected intravenously, one 
with 5 c.c. of a 1 per cent. emulsion three times a week until sixteen 
injections were given, the other with a daily injection for thirty days, 


the first ten doses being 5 c.c., the last twenty doses 10 c.c. of a 


1 per cent. emulsion. Both remained well during the entire period and 


gained in weight. 

One rabbit received in daily succession thirteen intravenous injec- 
tions of 10 c.c. of a 1 per cent. emulsion, and ten intraperitoneal injec 
tions of 10 c.c. of a 2 per cent. emulsion. It was killed ten days after 
the last injection. The animal was well until the latter part of the 
experiment, when there was loss of appetite for several days and loss 
of weight. 

For comparative studies a rabbit was included in the list which 
showed bowel and urinary disturbances when it was received and 
which died after four intravenous injections. 

Finally, two rabbits were injected intravenously for short periods 
followed by longer free intervals; at the very end a few intraperi- 
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toneal injections were given in quick succession. The entire experi- 
ment covered 108 days. They gained in weight and only toward the 
end showed lassitude and loss of appetite. 

All animals were killed by air embolism. 

Except in the case of the first three rabbits, which were used in a 
somewhat preliminary experimental way, the serum or whole blood, 
the bile, and in several instances also the urine, were analyzed for 


_ their cholesterol content. The method used was that of Autenrieth 


and Funk.* The chloroform solutions from the various fluids were 
evaporated down to 5 and 10 c.c.; 5 c.c. of these were tested. The 
reading was done by a Duboscq colorimeter. For histological exami- 
nation pieces from various organs were fixed in 10 per cent. formalin 
and frozen sections from the kidney, liver, aorta, spleen, adrenal and 
gallbladder were examined with the polarizing microscope and stained 
with sudan III. Pieces from various regions of all the kidneys were 
also prepared for paraffin sections. 

In the following tables the histological changes reported are sum- 
marized, together with data of the manner, quantity and duration of 
the injection and figures of serological examinations. They may be 
helpful in illustrating the extent and the inequality of the effects of 
cholesterol on various organs of the rabbits. The table of the color- 
imetric estimation of the cholesterol content of the blood, bile and 
urine is not complete and, in my opinion, cannot be used as a basis 
for comparative inferences of any real value. The blood was exam- 
ined only once, that is, shortly before the animals were killed. I am 
therefore not in a position to make any statements regarding the 
length of time during which the cholesterol injected into the blood is 
retained therein or in what ratio it is passed through the liver and 
eliminated with the bile. To all appearances, Weltmann and Biach’s" 
belief that a substance, such as cholesterol, which gains access into the 
blood serum of rabbits, cannot be eliminated, is not confirmed through 
my experiments. If it were so, the cholesterol content of the blood 
should be very much higher, at any rate in those rabbits which were 
injected intravenously. 

There is one constant factor in the figures of the table which is 
of interest because of contradictory statements concerning this in 
literature. In all rabbits, normal, control and cholesterolized, the 
cholesterol content of the serum is decidedly less than that of the 


5. Autenrieth and Funk: Ueber kolorimetrische Bestimmungsmethoden : 
Die Bestimmung des Gesamtcholesterins im Blut und in Organen, Miinchen. 
med. Wchnschr., 1913, Ix, 1243. 

6. Weltmann and Biach: Zur Frage der experimentellen Cholesteatose, 
Ztschr. f. exper. Path. u. Ther., 1913, xiv, 367. 
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whole blood. Some authors hold the view that it is immaterial whether 
one or the other is used for quantitative estimation of the cholesterol 
content of the blood, because this is nearly the same in both fluids. 
My observation to the contrary agrees with the results of Abderhal- 
den’s’ investigations of the relative quantities of cholesterol, as well 
as all the other constituents of the blood, in serum, whole blood and 
blood corpuscles. 

From the results in rabbits of the experimentally produced hyper- 
cholesterolemia, | venture to draw the following conclusions: 

1. Very small quantities of cholesterol administered by intravenous 
injections, and relatively small amounts injected intraperitoneally, are 
sufficient to produce pathologic conditions in some organs of the 
rabbit. 

2. In intermittent hypercholesterolemia, such as is produced by 
periodical intravenous injections of small doses, the extent of the 
cholesterol infiltration and other pathological conditions are entirely 
out of proportion to the amount of cholesterol injected. 

3. Unfiltered emulsions, that is, those in which the colloid particles 
are heterogeneous in size, and emulsions of high concentration, have 
a violent destructive effect on the structures of the liver. 

4. Cholesterol deposits in cells other than those normally and 
physiologically rich in this lipoid substance are not a simple infiltration, 
but constitute an injury to the function of the cells and signify degen- 
erative processes. 

5. Pregnancy seems to furnish conditions which favor the infiltra- 
tion of certain organs with cholesterol, from whatever source this may 
be derived. Rabbit 11, which received only 2 gm. cholesterol in 108 
days by the intermittent method, and which was pregnant twice during 
this time, had, of all the animals, the most marked cholesterol infiltra- 
tion and other pathologic conditions in the liver and kidney. 

The liver of rabbits responds very readily with infiltrative processes 
to experimental hypercholesterolemia. This quick reaction is prob 
ably not quite analogous to anything occurring in the human liver, 
owing to the difference in the effect of hypercholesterolemia in her 
bivora and carnivora. According to Weltmann and Biach the normal 
elimination of cholesterol through the bile is very slight in the forme: 
but increases markedly when they are fed with this substance and the 
liver stores it up in large quantities. In carnivora on the other hand 
the normal cholesterol content of the bile is high, and doubly refrac- 
tive substances are not found in the liver of the dog, the cat and the 
white rat, even when fed with very large quantities of food rich in 


7. Abderhalden: Lehrbuch der physiologischen Chemie, Berlin, 1906, p. 592. 
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cholesterol. (Bacmeister and Havers,* Weltmann,® Chatalow,"’ 
Anitschkow and Chatalow.'') In the omnivorous pig and in man the 
elimination of cholesterol by the bile is even greater than in carnivora. 
The liver is therefore able to adjust itself in man and in carnivora 
to great oscillations in the cholesterol content of the blood, whereas 
in herbivora, “insufficiency” on the part of this organ is, to a certain 
degree, physiologic (Weltmann*) ; hence the ready infiltration of the 
liver of rabbits in experimental cholesterolemia. 

In the rabbits of my experiment this infiltration presents several 
peculiarities. Apparently the amount is not proportionate to the 
quantity of cholesterol injected, nor directly dependent on the mode 
of the injection. The most extensive infiltration was found in Rabbit 


TABLE 2.—CHoLesteRoL CONTENT OF fjopy Frums iN NorMAL AND 
Controt Rapeits 


Quantitative Estimation of 
Cholesterol in Gm 


Number of Injections of 
Animal Control Rabbits Whole 
Serum Blood Bile Urine 
XIII Male Normal 0.080 0.137 Trace Negative 
XVI Male Normal 0.080 0.121 Trace Negative 
XV Male Control Intraperitoneal, 0.054 0.088 0.014 Negative 
every day; 24 in 
Jections 
XVI Male Control Intraperitoneal 0.00 0.106 0.024 Negativ 
times a week for 
4 months 
XVII Female Control Intravenous, 3 times 0.052 0.130 0.088 Negative 


a day, 43 days 


11, which received the smallest amount of cholesterol as measured by 
the length of time in which it was given. In the animal similarly 
treated, Rabbit 12, it was very much less. Rabbit 6, which received 
the large quantity, 11.6 gm. of cholesterol within two months, was 
quite exceptional in that doubly refractive substances were almost 
entirely absent in the liver, while the gallbladder was filled with gall- 
stones. Rabbit 5, having received 12.4 gm. cholesterol in five months 

8. Bacmeister and Havers: Zur Physiologie und Pathologie des Cholester- 
instoffwechsels, Deutsch. med. Wehnschr., 1914, x1, 385. 

9. Weltmann: Zur klinischen Bedeutung des Cholesterinnachweises im Blut- 
serum, Wien. klin. Wehnschr., 1913, xxvi, 874. 

10. Chatalow: Ueber experimentelle Cholesterin-Lebercirrhose in Verbindung 


mit eigenen neuen Erhebungen itiber fliissige Kristalle des Organismus und 


iiber den Umbau der Leber, Zieglers, Beitrage, 1913, Ivii, 85. 

11. Anitschkow and Chatalow: Ueber experimentelle Cholesterinsteatose und 
ihre Bedeutung fiir die Entstehung einiger pathologischer Prozesse, Centralbl. 
f. allg. Path. u path. Anat., 1913, xxiv, 1. 
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by the same kind of injection, showed enormous amounts of aniso 
tropic substances in the liver, and only a few sandy concretions in the 
bile Two of the control animals had some cholesterol deposits in 
the liver. There is no uniformity in the distribution or in the type of 
the infiltration with cholesterol. In a few instances it is diffusely 
spread all through the lobules; in some it is located chiefly in the 
peripheral portion and densest nearest the periportal spaces In gen- 
eral, 1t occurs predominantiy in disseminated areas of various dimen 


sions. These are always limited strictly to the lobules, but within these 


they are scattered very arbitrarily, as it seems. The cholesterol accumu- 





Fig. 1.—Doubly refractive substances from the liver of Rabbit 11, which 
received 2 gm. cholesterol by the intermittent method in 108 days. Pregnant 


lation in such areas is very marked; in the intervening portions there ts 
non \ discriminative involvement of the liver cells or the endothelial 
cells cannot be observed. There is, too, an obvious radiate arrangement 
of the deposits (see Fig 1); the cholesterol droplets being sometimes 
chiefly intralobular, sometimes chiefly in the columns of liver cells, but 
quite often both kinds of cells are equally involved; this is especially 
the case when these dense cholesterol accumulations are of small 
dimensions. Almost without exception the connective tissue spaces are 


free from cholesterol; neutral fat, however, when present, is always 
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found in this location. The prevalent occurrence of disseminated 
cholesterol deposits was not observed until the gallbladders of the 
rabbits were examined. ©n this occasion the presence of cholesterol in 
portions of the liver adjacent to the gallbladder in Control Rabbit 1+ 
was discovered. In previously examined portions of the liver no doubly 
refractive substances had been found. 

There was one type of cholesterol deposits which seemed at first 
limited to one group of rabbits, that is, those injected intraperitoneally 
with unfiltered emulsions of high concentration; but eventually iden- 
tical foci, although smaller in size, were found in Rabbit 7 which had 
been injected intravenously with small quantities of well-filtered emul 
sions of 1 per cent. strength, the total amount of cholesterol being only 
1 gm. in thirty-six days (see Fig. 2). These were well-demarcated 
areas of destruction of the liver parenchyma with large deposits of a 
reddish yellow material, not all of which appeared as doubly refrac 
tive substances under the polarizing microscope. The cholesterol esters 
were probably not simply liberated from their cell boundaries in the 
process of disintegration, but were broken up and new cholesterol com- 
pounds were formed which have no anisotropic properties. Since all 
the animals of Group 1 had such lesions and, with the one exception 
mentioned, none of the others, we may assume that the large quantity 
of cholesterol in a dose, the high concentration, and possibly the pres- 
ence of large particles in the emulsion, were responsible for the 
destructive effect. Cells, probably perfectly normal until the time of 
the first injection, were suddenly taxed far beyond their capacity of 
intake and output, no time being given them for adaptation to an 
abnormal task, they succumbed completely. Rabbit 7, in which the 
cholesterol was gradually introduced in fine homogeneous emulsions of 
low strength and in small doses (1 gm. in thirty-two days), the 
conditions which made similar lesions possible are in all likelihood the 
following: (a) The rabbit was old, if we judge from the presence of 
the marked spontaneous arteriosclerotic processes of the aorta; (b) 
the liver had undergone senile changes, as shown by frozen sections 
not treated with alcohol; (c) the capacity of the liver cells for the 
taking up and giving off of an excess of cholesterol was much below 
par, and they succumbed under a proportionately small task and in 
spite of the time given them for adaptation. 

Chatalow"’ attributes the injurious effect of cholesterol on the cells 
not to its chemical, but to its physical properties. This substance is 
deposited in the organs in the form of liquid crystals; as these 
anisotropic droplets become larger by confluence of smaller ones, and 
accumulate in sufficient numbers, they act as foreign bodies. But 
how are we to account for the accumulation of cholesterolesters in 
spots? Apparently only some Kupffer cells, sometimes in widely sepa- 
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rated regions, take up an excess of cholesterol from the blood and 
cause the neighboring liver cells to be loaded with anisotropic sub- 
stances. The typical cholesterol infiltration seems to be focal and not 
diffuse, as illustrated in the liver by the disseminated areas of denss 
cholesterol accumulations and the focal regions of necrosis. It sug 
gests an elective action on the part of the endothelial cells, whose nor- 
mally phagocytic action is here coupled with the function of conveying 
their charge to other cells, that is, the liver cells. 

Since to all appearances the amount of cholesterol infiltration in 
the liver as well as in the kidney sometimes is entirely out of propor- 

















> 


Fig. View of liver substance stained with sudan III and hematoxylin. 
Large focus of tissue destruction, with large amounts of cholesterol deposits 
from Rabbit 1, which received intraperitoneally 4 gm. cholesterol in unfiltered 
emulsions of high concentration. 


tion to the quantity injected, a considerable portion of it must be 
regarded as spontaneously produced. It may be assumed that the 
initial infiltration which follows the first suddenly established period 
of hypercholesterolemia renders the cells more susceptible to later 
periods and even reduces their capacity for the normal amount of work 
in the cholesterol metabolism. This again constitutes a factor in 4 
general disturbance of the cholesterol regulating machinery. It has 
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been said that the cholesterol content of the blood is very easily 
changed so that even the suspending of the animal for bloodtaking 
produces variations in the figures. With such premises we may easily 
believe that the constantly repeated irritation from intraperitoneal 
injections for four months in a control rabbit caused a periodical occur- 
rence of spontaneous hypercholesterolemia, followed finally by an infil- 
tration of an organ which normally is chiefly concerned in the choles- 
terol metabolism, but which in the rabbit becomes readily “insufficient.” 

In pregnancy hypercholesterolemia occurs physiologically (Stern- 
berg,’*? Huffmann'’). But there is no parallel increase in the elimina- 
tion of cholesterol through the bile. Bacmeister and Havers* attribute 
this hypercholesterolemia to retention of the lipoids and not to 
endogenous new formation in the body. Toward the end of pregnancy, 
the “liver filter” becomes denser and the liver cells shut off the outflow 
of the blood cholesterol into the bile. These authors admit, however, 
that there may be also an alteration in the constitution of the lipoids 
themselves, as a result of which the chemically changed cholestero! 
compounds cannot pass through the unchanged liver cells. A normal 
pregnant rabbit which I examined showed no trace of anisotropic sub- 
stances in sections from various portions of the liver, but I found a 
fair amount of cholesterol in that of the pregnant Control Rabbit 13, 
which received sixteen intravenous injections of the control fluid ( free 
from cholesterol) and was under observation for forty-three days. A 
pus infection in the external meatus which had been present was dis- 
covered only when the badly involved ear was to be used. It was also 
bitten in the ear by another rabbit and had to be isolated. It is reason- 
able to assume that the repeated irritation from intravenous injections, 
the treating of a painful ear and even the frequent examination of the 
rectal temperature contributed toward further increasing the physio- 
logical hypercholesterolemia of pregnancy with subsequent cholesterol 
infiltration in the liver. Rabbit 11, which was injected intravenously 
by the intermittent method and received only 2 gm. in one hundred and 
eight days, had, of all the animals, the most marked cholesterol infiltra- 
tion of the liver and the kidney. It was pregnant twice during this 
period and in that condition at the time of death. There is no doubt 
that a large part of the amount of cholesterol in the organs of this rab- 
bit was not that retained from the injections but was spontaneously 
produced. We have here an example, | believe, of a case in which 
hypercholesterolemia and cholesteatosis may be the cause and effect 


12. Sternberg: Die Nebenniere bei physiologischer (Schwangerschaft) und 
artifizieller Hypercholesterinamie, Beitr. z. path. Anat. u. z. allg. Path., 1914, 
Ix, 91. 

13. Huffmann: Zur Bestimmung des Gesamtcholesterins im Blute an geburts- 
hilflichen und gynakologischen Fallen, Zentralbl. f. Gynak., 1915, xxix, 33. 
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of pathologic conditions. The primary cause of both may be disturbed 
cellular functions of momentary, short or long duration, thereby chang 
ing the lipoid character of the cell. Food as such probably plays a very 
small part, if any, in the production of cholesterol deposits in function- 
ating organs. 

\n interesting coincidence is the lack of any noteworthy cholesterol 
infiltration of the liver and the presence of numerous gallstones in the 
gallbladder of Rabbit 6 which was injected intraperitoneally each day 
for two months with 10 ¢.c. of a 2 per cent. emulsion. The kidney 


showed as much cholesterol infiltration as in other marked cases. The 

















Fig. 3—View of kidney tissue stained with sudan III. Marked infiltration 
of tubules with cholesterol, from Rabbit 11. 


cells of this liver were apparently unusually permeable and capable of 
taking up and giving off large quantities of cholesterol without loading 
themselves with anisotropic substances. It was an exceptionally well 
functionating filter and in this respect more comparable to the liver of 
carnivora; but on account of the unhindered passage of enormous 
quantities of cholesterol through the rabbit's liver, there was a constant 
abnormally high cholesterol content of the bile and gallstones formed. 


In two other rabbits, which had numerous sandy concretions, the infil- 
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tration of the liver was considerable, although not excessive, and was 
of the diffuse type involving chiefly the Kupffer and endothelial cells. 

rhe results of my experiments differ in some respects from those 
of Chatalow."” These differences arise, of course, from the methods 
employed. In his case considerable quantities of fat were given with 
cholesterol and consequently large amounts of fat reappeared in the 
liver. In my experiments no fat and no other lipoids besides choles- 
terol were given, and in no instance does fat appear in the liver struc- 
ture; where it does occur, it is limited to the periportal spaces widened 
by proliferation of connective tissue. Chatalow’s explanation of the 
manner in which the anisotropic infiltration or “Verfettung” may occur 
is not applicable to my observations. He states that “it is necessary 
that isotropic fats accumulate in sufficient quantity in the organ and 
perhaps also that free fatty acids develop, in order that cholesterol 
may be bound and retained.” According to him, deposits of anisotropic 
fats are observed chiefly in those portions of the liver in which the iso- 


= 


tropic fats are concentrated, and consequently also saturated with cho- 
lesterol compounds. Chatalow himself admits that in his explanation he 


a 
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considers exclusively his experiments of feeding animals with choles- 
terol dissolved in sunflower seed oil. That in some pathologic conditions 
of the human liver the increase of the fatty constituents may be asso- 


/ 


———— 


ca 
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ciated with an increase of its cholesterol content and with a correspond- 
ing rise in the cholesterol content of the bile, appears from the work of 
Le Count and Long.'* I also failed to find proliferation of the epi- 
thelium of the bile ducts or hypertrophic proliferation of these ducts 
such as Chatalow describes. Anisotropic substances were not found in 
the epithelium of these ducts or in that of the gallbladder, and only 
rarely a substance which takes the cholesterol tint with sudan III was 
seen in the epithelial cells of the smaller bile ducts. Chatalow states 
that the oil of sunflower seed does not produce any pathologic altera- 
tions tn the liver, that it appears very soon in the epithelial cells of 
the bile ducts and in the liver cells surrounding the central vein, and 
that it is eliminated with the bile, passes over into the blood, and in 
continued feeding produces a diffuse, even infiltration in the liver. He 
helieves that the presence of fat in the epithelial cells favors the 
increased elimination of cholesterol compounds and that the irritation 
from these incites the proliferation of connective tissue. Finally a 
substitution of true liver cells by proliferated cells of the bile ducts, 
as he observed could not be demonstrated in the livers of my rabbits. 
Whenever the infiltration with cholesterol was diffuse and located in 
the peripheral portion of the lobule, the cells thus infiltrated reached 


i 


14. LeCount and Long: The Relation Between the Fat Content of the Bile 
and Fatty Changes in the Liver, Jour. Exper. Med., 1914, xix, 234. 
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to the very border line, while the newly formed cells observed by 
Chatalow, although morphologically like true liver cells, did not func- 
tionate as such, that is, they did not take up cholesterol. In closer 
analogy with my findings are the observations of Rothschild,’® who 
studied the relations of hypercholesterolemia in rabbits following bilat- 
eral suprarenectomy, and the increase of the amount of cholesterol in 


the liver and in the bile. Deposits of anisotre pic substances were found 








Fig. 4—View from the same kidney as Figure 3. Paraffin section stained 
with hematoxylin and eosin. Triangular area with the base toward the cap- 
sule showing marked degenerative processes. 


only in Kupffer cells. The epithelial cells of the bile ducts were free 
from cholesterol, and those of the gallbladder only occasionally con- 
tained single isotropic fat droplets. According to Rothschild the 


Kupffer cells are the intermediary and the liver the “regulating” organ 


15. Rothschild: Ueber die Beziehungen der Leber zum _ Cholesterinstoff- 
wechsel, Beitr. z. path. Anat. u. z. allg. Path., 1914, Ix, 66. 
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in the cholesterol metabolism, inasmuch as it maintains the cholesterol 
equilibrium of the organism through the elimination in the bile. 

The sources of the cholesterol in spontaneous hypercholesterolemia, 
physiological and pathological, are yet unknown. They are probably 
manifold, including physical and chemical alterations of the cell as 
well as functional disturbance of entire organs. The various parts of 
an intricate cholesterol metabolic apparatus may be in such intimate 
interaction that insufficiency on the part of one will throw an extra 
burden on another engaged in a different manner in the cholesterol 
werk, which again involves another, producing a state of functional 
instability. Some organs seem to be preeminently depots, such as the 
adrenals, the ovaries,” the fatty tissue, from which the cholesterol is 
mobilized, so to speak, in time of general disturbance. Rothschild" 
showed that in a state of inanition rabbits present a condition similar 
to that following suprarenectomy, namely, an increase of cholesterol 
in the blood, the adrenal, the liver and the bile. He believes that the 
increase of this substance in some of the vital organs may be attributed 
to an increase of the blood cholesterol, and this again to a greater 
activity in the catabolic cellular processes, chiefly in the less vital organs 
(fatty tissue). The great variations in the effect of cholesterol on 
the liver of the rabbits in my experiments indicate a great variability in 
the functional adaptability of the liver cells to the increased influx of 
cholesterol from the blood. Such differences may arise from age, sex, 
disposition, that is, individual tendencies, transitory or lasting morbid 
conditions. Cholesterol alone in excessive quantities may have a 
destructive effect on normal, healthy cells and injure them beyond the 
possibility of recuperation. Continued overtaxing of the cells from 
long-sustained hypercholesterolemia may cause “insufficiency” with 
ultimate destruction of parenchyma. Individually, the normal function 
may be below the average requirements and this relative insufficiency 
may cause deposits in other organs; but the cells, primarily weakened 
and impaired, succumb readily even to a slight increase of the blood 
cholesterol. This primary alteration itself may be an alteration of the 
lipoid character of the cell. According to Chvostek,"’ the infiltration 
of an organ with cholesterol is preceded by an alteration in the constitu- 
tion of the cells (cutaneous), as a result of which the lipoid substances 
already existing in the cells, are separated from their combinations and 
made visible, and the introduction of fresh cholesterol causes an infil- 
tration of such cells with this substance. 


16. Rothschild: Zur Physiologie des Cholesterinstoffwechsels. V. Der 
Cholesteringehalt des Blutes und einiger Organe im Hungerzustand, Beitr. z. 
path. Anat. u. z. allg. Path., 1915, Ix, 227. 

17. Quoted from Weltmann and Biach (Note 6). 
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The mucosa of the gallbladder examined by the polarizing micro- 
scope was absolutely free from doubly refractive substances in all rab- 
bits. In histological sections three of them, Rabbits 6, 8 and 9, pre- 


sented an exceptional feature. A substance which stains reddish with 
sudan III and purplish blue with Nile blue sulphate is present abun 
dantly in a number of villi. It is not in the epithelium, for this is shed, 


but it generally occupies the central portion of the villus, forming 
designs which recall the chyle ducts in the intestine. They are oftea 
branched or spider like and are probably widely distended lymph 
channels filled with fat and such cholesterol compounds as have no 
5). In the finer branches particularly 


anisotropic properties (see Fig 





Fig. 5.—Gallbladder, stained with sudan III and hematoxylin. Widely dis- 
tended lymph vessels in the mucosa filled with cholesterol and fat, from Rab- 
bit 8, which received intravenously 2.5 gm. cholesterol in thirty-two days. 


it is clearly seen that rather large cells, which occupy these vessels, 
are loaded with granular reddish stained material. Kaufmann'* men- 
tions such observations with regard to the human gallbladder; the 
substance, which is within large cells in lymph vessels, is fat, and he 
believes that it is resorbed from the bile. Lichtwitz'® describes masses 


18. Kaufmann: Lehrbuch der speziellen pathologischen Anatomie, Berlin, 


1911 (1), p. 622. 
19. Lichtwitz: Ueber die Bildung der Harn- und Gallensteine, Berlin, 1914, 


p. 69. 
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lying beneath the epithelium in a human gallbladder, which were doubly 
refractive substances. He states that in some places they had broken 
through the mucosa. A relation to the lymph vessels could not be 
observed. From the picture he concludes that the masses containing 
cholesterol penetrate from the gallbladder to the surface of the mucosa, 
thence into the bile. According to him the bile receives its cholesterol 
from two sources; from the liver cells and from the gallbladder wall. 
He writes: “Since the solubility of cholesterol is achieved by means of 
other colloidal substances, it is quite possible that the condition of the 
solution varies with the source of the cholesterol.” The “liver choles- 
terol” may have a solubility different from that of the “wall choles- 
terol.” In this interpretation he disagrees with Aschoff and Bac- 
meister*” who believe that the cholesterol of the gallbladder wall has 
been resorbed from the bile as esters and set free in the epithelium 
of the bladder. The diverging views about the origin of the biliary 
cholesterol are represented on the one side by Chauffard, Laroche and 
Grigaut,*’ and Naunyn** who consider it as a secretion of the epithelial 
cells of the bile ducts, and on the other side by Aschoff,?* Landau and 
McNee* and Rothschild.' According to these authors, cholesterol 
found in the epithelium of the gallbladder is a result of resorption 
from the bile. 

In several rabbits the mucosa of the gallbladder showed a very 
extensive desquamation of the epithelial cells, which for various rea- 
sons I am inclined to consider as due not to postmortem changes, but 
to the irritating intravitam action of an excess of cholesterol in the bile. 
The necropsy was made immediately after killing the animals, and the 
bile was withdrawn with a pipet. In Rabbit 11, which died unex- 
pectedly and whose necropsy could be made only on the following day, 
the mucosal lining was preserved. It was intact also in Rabbit 12. 
These two rabbits received very small quantities of cholesterol by the 
intermittent method during a period of 108 days. From the extensive 
cholesterol infiltration in the liver we may presume that the elimination 
of cholesterol through the bile was not abnormally increased. In all 
those rabbits which had gallstones or small concretions, besides some 
which had none, but whose bile probably had an excess of cholesterol, 


the desquamation of epithelial cells was very marked. The shed cells 


20. Quoted from Lichtwitz (Note 19). 

21. Chauffard, Laroche and Grigaut: Sur l’origine de la cholestérine biliaire. 
Recherches expérimentales sur la cholestérinémie aprés ligature du cholédoque, 
Soc. biol., 1913, Ixxiv, 1005 and 1093. 

22. Naunyn: Quoted from Lichtwitz (Note 19). 

23. Aschoff: Zur Frage der Cholesterinbildung in der Gallenblase, Munchen. 
med. Wcehnschr., 1906, liii, 1846. 

24. McNee: Zur Physiologie des Cholesterinstoffwechsels, Beitr. z. path. 
Anat. u. z. allg. Path., 1914, lviii, 667. 
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retained in the lumen in paraffin sections, showed all stages of disin- 
tegration. The denuded villi were sometimes matted together forming 
a network in the meshes of which there were cell debris and pigment. 

Gallstones of any appreciable size produced by experimental hyper- 
cholesterolemia have not been reported previously in literature. The 
contracted and knotty gallbladder of Rabbit 6 contained a number of 
small concretions and twelve stones with a diameter of 2 and 3 mm.; 
the small amount of bile which could be withdrawn was full of black 
granules. The gallstones were irregular, brittle and not faceted. Some 
of them were treated and embedded in paraffin by the method of 


Aoyama.** Sections stained with methylene blue showed that disin- 


tegrated cells formed the framework of these stones, while cell rem 
nants and faint nuclei were still discernible in the outer portion of 
such sections. The cell debris was rolled up and held together with 
pigment and calcareous substances and the masses thus formed were 
placed tile-like in apposition forming parallel trabeculae. Bacteria 
were not found in the gallstones, in the lumen or in the gallbladder 
wall. All indications of inflammatory processes also were lacking. 
Evidently these gallstones were formed in sterile bile. The liver of 
this rabbit did not show any noteworthy cholesterol infiltration in sec- 
tions taken from five different portions. The greatly hypercholesterol- 
emic blood passed through this exceptionally permeable organ unim- 
peded and enormous quantities of cholesterol were poured out into the 
bile, which acted as a violent irritant on the epithelial cells; they were 
injured and desquamated en masse, clumped together and formed the 
organic scaffold to which the substances precipitated from the bile were 
anchored. These multiple stones of trabecular construction with a 
clearly organic scaffold, of recent formation and of a noninflammatory 
origin I do not venture to identify with types of human gallstones. 
The differences in the normal conditions in rabbits from those in man 
suggest equal differences in pathologic processes. It is known that 
human gallstones not soluble in human bile may dissolve in animal bile 
Aschoff** pointed out that not only is the cholesterol content of the 
bile in the dog, the rabbit and the ox strikingly small as compared with 
that in man, but there are also differences in the relative values of the 
other constituents, all of which result in a difference of solubility. 
The chief analogy of value between these experimentally produced 
gallstones and those occurring in man lies in the association of gall- 
stone formation with hypercholesterolemia. The frequent occurrence 
of gallstones in women has often been attributed to mechanical factors, 


25. Aoyama: Zur Frage der Cholelithiasis, Beitr. z. path. Anat. u. z. allg. 
Path., 1913, lvii, 169. 

26. Aschoff: Wie entstehen die reinen Cholesterinsteine? Miinchen. med. 
Wehnschr., 1913, Ix, 1753. 
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among them pressure effects in pregnancy. Hypercholesterolemia is 
always associated with this condition, and probably plays the greater 
part. Herrmann and Neumann” believe that the high cholesterol con- 
tent of the blood in pregnancy is the result of retention in the blood; 
in the puerperium most of it is eliminated by the milk; nonlactating 
women retain the lipoidemia longer. Aschoff,?*° however, states that 
only part of the blood cholesterol is carried off by the milk, as also by 
the urine ; another portion is eliminated through the bile, as some obser- 
vations of McNee** indicate. According to Bacmeister and Havers,* 
the greater density of the liver during the latter part of pregnancy 
causes retenticn of the blood cholesterol, and immediately after delivery 
cholesterol is suddenly poured out in abundance into the bile. Aschoff* 
calls attention to the observation that the first attacks of gallstones are 
often observed in pregnancy and that we may assume stone formation 
to occur during or shortly after labor. The structure of these pure 
cholesterol stones, which are not concentric, but of a chaotic, trabecular 
type, indicates a more or less hurried formation by the crystallizing 
out of pure cholesterol from the bile. They are, as a rule, of a non- 
inflammatory origin, occur at a relatively early age, and are the result 
of hypercholesterolemia followed by sudden precipitation processes in 
the bile under the influence of labor or the puerperium. 

Compared with the well marked effects of cholesterol in the kidney 
and liver in most of the rabbits the involvement of the aorta was slight. 
Macroscopic changes were absent in all but one. As examined by the 
micropolariscope, cholesterol was entirely absent in three, and the 
amount was slight in three others. The very marked process of degen- 
eration in the media of Rabbit 7 must be considered as spontaneous, 
that is, of the adrenalin type referred to in literature, because none of 
the alterations were found in the aorta of any of the others, all of 
which, except one, had received much larger doses. Weltmann and 
Biach® state that they failed to produce any atheromatous changes with 
deposits of doubly refractive substances in the aorta of rabbits fed with 
cholesterol for some time. By primarily injuring the blood vessels 
through injections of adrenalin an arteriosclerosis of the adrenalin 
type occurred in such rabbits. Anisotropic substances, however, were 
not observed by them. Perhaps much larger quantities of cholesterol 
by feeding than these authors used and larger amounts than I adminis- 
tered by intraperitoneal and intravenous injections are necessary to 


27. Herrmann and Neumann: Ueber die Lipoide der Graviditat und deren 
Ausscheidung nach vollendeter Schwangerschaft, Wien. klin. Wehnschr., 1912, 
xxv, 1557. 

28. McNee: Zur Frage des Cholesteringehalts der Galle wahrend der 
Schwangerschaft, Deutsch. med. Wchnschr., 1913, xxxix, 995. 

29. Aschoff: Bemerkungen zur Arbeit von McNee, Deutsch. med. Wehnschr.. 
1913, xxxix, 995. 
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produce such thickening of the intima with large cholesterol deposits 
as Anitschkow”™ described. In my observation large intima cells were 
present in nearly all the instances where cells of this layer of the vessel 
wall were infiltrated with cholesterol; but they were not increased in 
number; they were simply enlarged intima cells proper, the ballooned 
protoplasmic body bulging out into the lumen of the vessel. Nodular 
thickening of the intima occurred in two cases, but it was of the type 
of hypertrophic connective tissue, in the center of which there were 
some cholesterol deposits. Fat was generally found in addition to 
cholesterol and often in greater amount than this. An observation of 
some interest was the uniform marked infiltration with fat and choles- 
terol of the entire intima and some adjoining layers of the media in 
an instance where a tear through the inner layers of the aorta was 
found (probably agonal or postagonal ). 

As to the adrenal, it is impossible to systematize the observations 
Seemingly there is no correlation between the amount of cholesterol in 
this organ and that in the liver and kidney as far as these experiments 
are concerned. As determined by the micropolariscope, it varied some- 
times greatly in the two adrenals of the same rabbit. In Rabbit 14, 
a control animal for intraperitoneal injections, the amount of choles- 
terol in both adrenals was scanty, in Rabbit 13, control animal for 
intravenous injections, which was pregnant when killed, there was an 
abundance. The same was observed in a normal pregnant rabbit. 
Rabbit 11, also pregnant at the time of death, and in which the choles- 
terol infiltration in the liver and kidney was most marked, had a small 
amount of cholesterol in the adrenal. In still another control animal 
in the early stage of pregnancy there was a very scanty amount of 
doubly refractive substance in the adrenal. There were great varia- 
tions in the state of division and in the distribution of the crystalline 
substances. They were finely or very finely divided or occurred in 
coarse conglomerations. In four cases the glomerulosa was almost 
entirely free from cholesterol. Fat was present in abundance in all, 
and apparently more so in proportion as the amount of cholesterol 
was scanty. 


My observation of the amount of doubly refractive substances in 


the spleen of the cholesterolized rabbits agrees with that of Weltmann 
and Viach, who found only small quantities of anisotropic droplets in 
this organ. There was no cholesterol, as determined by the polarizing 
microscope, in the spleen of four, and a very scanty amount in that 
of six rabbits. In all it occurred in exceedingly finely divided crystal- 
line substances. But as in the kidney and the gallbladder, so also in 

30. Anitschkow: Ueber die Veranderungen der Kaninchenaorta bei experi- 
menteller Cholesterinsteatose, Beitr. z. path. Anat. u. z. allg. Path., 1913, Ivi, 379. 
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the spleen, there may have been cholesterol compounds which were not 
anisotropic; for in sections stained with sudan III there were often 
more or less numerous small areas which took the typical cholesterol 
tint. A striking occurrence of large infiltrated cells, such as described 
by Anitschkow*™ and by Soper,*? I was unable to observe. 

Weltmann and Biach* are the only authors, to my knowledge, who 
have produced an infiltration of the kidney with cholesterol in rabbits. 
In addition to feeding them with this substance they injected uranium 
nitrate and adrenalin in order to favor such an infiltration, which they 
failed to produce with cholesterol alone. They fed a rabbit for twenty- 
four days with 1 gm. cholesterol daily. During the last seven days of 
this period uranium nitrate was injected intraperitoneally in three 
doses. Macroscopically the kidney showed the signs of nephritis. The 
polarizing microscope revealed doubly refractive substances in the epi- 
thelium of the tubules which appeared as “light stripes.” “This locali- 
zation,” the authors write, “is interesting, inasmuch as in nephritis from 
uranium poisoning an injury to the tubular apparatus is, according to 
the investigations of Suzuki, the chief involvement.” A second experi- 
ment, in which the effect of uranium nitrate was combined with that 
of adrenalin, the kidney showed a similar picture, although less pro- 
nounced. A control experiment with pure uranium nitrate without 
cholesterol had negative results. 

The results of the polariscopic examination of the kidneys in my 
experiments need a special explanation. Doubly refractive droplets, 
which after heating show the cross figure on cooling, could be demon- 
strated only in one case, where these substances formed luminous, 
compact bands of varying length within the lumen of the straight 
tubules, and formed a narrow lining of some neighboring tubules. 
Single scattered droplets were seen in many kidneys in considerable 
number as they were quite generally observed in the spleen. But the 
substance which infiltrates tubules in foci, and which takes the typical 
yellowish red tint with sudan III, did not flash up as sparkling doubly 
refractive droplets under the polarizing microscope. They appeared 
as tubules with a somewhat dull silvery hue. Their relief against the 
background with darker tubules was not marked enough to give satis- 
factory photomicrographs. But so invariably did they reappear in 
sudan III stained sections that the conviction was very strong that this 
substance was cholesterol. It would be interesting to know whether 
Weltmann and Biach’s remark that the doubly refractive droplets “als 


31. Anitschkow: Ueber experimentell erzeugte Ablagerungen von anisotropen 
Lipoidsubstanzen in der Milz und im Knochenmark, Beitr. z. path. Anat. u. z. 
allg. Path., 1913, 57, 201. 

32. Soper: Zur Physiologie des Cholesterinstoffwechsels, VI. Ueber Bezie- 
hungen der Milz zum Cholesterinstoffwechsel, Beitr. z. path. Anat. u. z. allg. 
Path., 1915, Ix, 232. 
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helle Streifen aufleuchteten” would apply to the tubules which | 
describe as silvery. The kidneys examined had been in formalin for 
periods of different lengths. The characteristic cross figure could not 
be observed. 

Several explanations for the nature and aspect of these substances 
are possible. The doubly refractive droplets are advantageously 
studied when isolated. This is easily done by allowing them to pass 
with the water beyond the margin of the section, or by squeezing them 
with slight pressure out of a well-infiltrated section, for example, from 
a fresh adrenal. It will then be noticed that the droplets are of all 
sizes and that the black cross is still discernible in extremely minute 
droplets, so minute that they cease to sparkle, and droplets can be seen 
so infinitesimal that the cross figure is beyond the limit of vision. There 
is no reason to believe that in a collection of droplets in which all those 
large enough to exhibit the cross can be identified as anisotropic drop- 
lets the smallest ones are different. Droplets of such extremely small 
dimensions would hardly flash up with brilliancy, but would rather 
have a dim appearance under the polarizing microscope. Weltmann 
and Biach say of the adrenals of normal rabbits, that “they show a 
fine fog of doubly refractive droplets and relatively few large ones.” 
“Fine fog” is the best description of such a picture as I have observed 
in portions of :_.enals from cholesterolized rabbits and it is not unlike 


the appearance of tubules of the kidneys infiltrated with cholesterol. 


In sections of the liver, in which the anisotropic infiltration appeared in 
compact radial sparkling columns, these often stopped abruptly, but it 
could be seen that sometimes beyond such heavily infiltrated liver cells 
there were in the same columns stray masses of presumably the iden- 
tical substance, but so scanty in amount that they appeared only as 
dull silvery shreds. With the high power lens the orange red substance 
in the infiltrated tubules appeared as extremely fine granules; such 
tubules looked as if powdered. This was an average appearance. How- 
ever, in a few cases, particularly in Rabbit 11, there were larger 
granules in addition to this dustlike substance and we might conclude 
that these were the typical cholesterol esters. They were not neutral 
fat; even if large they never had the even contour or the red color of 
the fat droplets. Yet they did not flash up as anisotropic droplets 
under the micropolariscope. We must therefore conclude that these 
were cholesterol compounds which are not anisotropic. I have con- 
vinced myself that the cholesterol esters, which appear as doubly 
refractive substances, are not all identical in their characteristics. At 
least there are variations when the tissues have been fixed in formalin. 
The melting point is not the same; in fact there is quite a range of 
temperature within which these substances may melt; on cooling they 
do not all reappear as droplets with the cross figure, an observation 
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which is also made with fresh sections. Their behavior toward stains 
is not invariably the same. Incidentally, I made the observation that 
in some sections of the aorta the cholesterol esters had resisted both the 
sudan III and the hematoxylin stain and retained their anisotropic 
properties unimpaired. We may have in the kidneys of the cholesterol- 
ized rabbits a variety of cholesterol esters. There were droplets of 
extremely small size, and others which had no anisotropic properties. 
* In some urines freshly examined doubly refractive droplets were 
found, and in some appreciable amounts of cholesterol could be esti- 
mated with the colorimetric method. 

Practically all the rabbits injected with cholesterol showed some 
degree of infiltration with this substance in the kidney. In the control 
animals none was found. The tvpe of cholesterol infiltration was the 
same in all rabbits, and in no instance was there a general involvement 
of the tubules; it was pre-eminently localized. Single tubules or a 
varying number of them were thus marked out from the rest. The sub- 
capsular zone frequently had a marbled appearance due to this singling 
out of tubules by the stain characteristic of cholesterol. The con- 
voluted tubules in the immediate neighborhood of the glomeruli were 
often affected, though the infiltration was not limited to this type of 
tubule. In some cases only those in the labyrinths were involved, but 
quite often also the tubules in the medullary rays were stained orange 
red. An infiltration of the lower portions of the collecting tubules and 
of Bellini’s ducts was not observed. As a rule, the glomerular tufts 
did not show any noteworthy cholesterol deposit. In Rabbit 11, how- 
ever, they were heavily involved and correspondingly short silvery 
bands and curved lines were seen in a great many of them with the 
polarizing microscope. Degenerative processes were present in the 
majority of the kidneys, but in several of them they were slight. 
Among them changes in the glomeruli did not play a prominent part. 
Vacuolization, disintegration and desquamation of epithelial cells an: 
atrophy of tubules were the chief processes ; round cell infiltration and 
proliferation of connective tissue constricting tubules also occurred. 
Cholesterol deposits were not only seen in apparently well-preserved or 
swollen epithelial cells, but also in atrophied tubules. In some cases 
the extent of the infiltration and the degenerative processes were appar- 
ently not in proportion to the amount of cholesterol injected and indi- 
vidual and additional physiologic and pathologic influences would seem 
to have played a part. The most pronounced alterations were in a 
rabbit which had been injected by the intermittent method with only 
2 gm. in 108 days (see Figs. 3 and 4). In Rabbit 12, similarly treated, 
the cholesterol infiltration was less extensive and the degenerative 
processes much less marked. One is inclined to believe that the irri- 
tation which follows even very small doses is of long duration, and that 
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the infiltration remains and lowers the resistance to later irritating 
excesses of cholesterol in the blood. “Insufficiency” of the cells is 
brought about not by a sudden overpowering onrush of cholesterol, 
but by a slow, insidious, vitiating irritation. It would seem that the 
source of danger lies not in the quantity of the blood cholesterol, but in 
the mere existence of deposits of this substance in the cells. The 
infiltrated cell is already pathologic or on the verge of becoming so and 
offers less and less resistance to a periodical hypercholesterolemia. This 
rabbit was pregnant twice during the period of the experiment. It 
will be of interest to discover whether the nephritis which not so infre- 
quently accompanies pregnancy is associated with a marked increase 
of the cholesterol content of the kidney. 

Since Weltmann and Biach failed to obtain a cholesterol infiltration 
in the kidney of rabbits by feeding them this substance, but succeeded 
in producing it by injecting uranium nitrate and at the same time feed- 
ing cholesterol, it is likely that the quantity of cholesterol given by 
feeding was not sufficient to bring about such a state of hypercholes- 
terolemia as I produced and maintained by direct injections into the 
circulation of relatively very small amounts of cholesterol. These 
authors reported as a “striking fact” that a body which passes into 
the serum of herbivora cannot be eliminated. In rabbits they found a 
progressive rise in the cholesterol curve, which even after ten days of 
cessation of feeding did not show any tendency to fall. We may then 
suppose that the rabbits which were fed for sixteen days with 1 gm 
cholesterol daily constantly accumulated this substance in the blood, 
but still did not produce an infiltration of the tubular epithelium of 
the kidneys. When uranium nitrate was injected, these cells were 
injured and from that time no resistance was offered to the entrance of 
the excess of the blood cholesterol. What was achieved here by 
uranium nitrate is probably brought about by a variety of morbid con 
ditions, all of which tend to lower the vitality or possibly change the 
lipoid character of the cells. An illustration of this we have in Rabbit 
10, which was ill and whose urine was dark and thick before the injec- 


tions were given. Of these injections only three could have had an 


effect ; the animal died immediately after the fourth and the autopsy 


was made at once, hence only 125 mg. of chesterol had passed into 
the blood. In the kidney a small number of convoluted tubules were 
infiltrated with cholesterol in a manner like that observed in the other 
rabbits. These cells were preliminarily injured and prepared for a 
ready infiltration. 

The urine was collected from the urinary bladder at the necropsies 
and specimens examined under the micropolariscope; in the majority 
of cases doubly refractive substances were observed. Whenever the 
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quantity of urine was sufficient the cholesterol content was determined 
by the colorimetric method. The figures given in the table are probably 
a little lower than they should be, because some of the sediment was 
used for microscopic examination. Epithelial cells were found in only 
a tew cases and always in small numbers; casts were observed in only 
one instance. In several rabbits the urine was very thick and creamy. 

Hypercholesterolemia occurs regularly in chronic nephritis, accord- 
ing to Weltmann,® Bacmeister and Henes,** Chauffard, Laroche and 
Grigaut,** Widal, Weill and Laudat.** Weltmann could not demon- 
strate an obviously constant dependence of the serum cholesterol on the 
gravity of the renal disturbances, while Bacmeister and Henes believe 
that it runs parallel with the degree of the generally impaired condition 
of health. Amyloid kidney is also associated with an increase of the 
blood cholesterol. Doubly refractive substances have been found in 
the sediment of the urine in chronic nephritis and in amyloid kidney 
by Lavrinovich®* and Secchi.** There is no constant relation between 
the cholesterol content of the urine and blood, according to Ferré, 
Mauriac and Defaye.** Quantitative analyses of the kidneys for their 
content in fat and fatlike substances have not had uniform results 
(Thaissen and Hess,** Rosenfeld,*® Orgler“ ), Lohlein** bases his strict 
distinction between “fat infiltration” and “fatty degeneration” on the 
pathologic and clinical differences. In the former, droplets consisting 
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et mem., 1913, Ixxiv, 882. 
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Ps eee en te 














KAETHE DEWEY 783 


exclusively of “fat” are accumulated in the epithelial cells of the 
tubules, involving either the entire parenchyma or such portions as 
are morphologically connected. The infiltrated cells are not injured, 
Fatty 


“ 


and albuminuria is not an associated feature in this condition. 
degeneration,’ on the other hand, is characterized by focal deposits 
of highly refractive substances in the parenchyma, especially in the 
cortex. The epithelial cells are gravely damaged, and fat and fatlike 
substances occupy the intertubular tissue. Clinically, albuminuria is 
generally observed. This fatlike substance found in the kidney in 
pathologic conditions was at first considered as “protagon” (Stoerk,** 
Orgler,** Lohlein**), however, Panzer*® reported that procedures appli- 
cable to the demonstration of protagon proved to be of no avail with 
kidneys morphologically rich in doubly refractive substances, while 
with proper measures for the extraction of this lipoid, cholesterol and 
cholesterolesters were obtained. Several large white kidneys were 
thus analyzed. 

The cholesterol infiltration of the kidneys of rabbits apparently 
resembles certain pathologic conditions in the human kidney, such as 
the large white kidney. This fact is of value, as we have to take into 
account that an infiltration of the liver such as occurs in rabbits is 
scarcely analogous to processes of the liver in man. How can we 
conceive of a spontaneously produced cholesterol infiltration in the 
human kidney? It is likely that the maintenance of the cholesterol 
equilibrium is dependent on the interaction of the various components 
of a regulating apparatus, the composition and the exact working of 
which we do not yet know. Derived from the food, as seems to be 
established, cholesterol forms a constituent of the cells of all the 
tissues and is present in all the normal and pathologic fluids of the 
body. It is stored in some organs and tissues, which seem to be 
cholesterol depots, such as the adrenal, the ovary and the adipose 
tissue. The close relationship, embryologically, between the kidney, 
the adrenal and the ovary may account for the relatively high normal 
cholesterol content of the kidney and the ready infiltration with this 
substance in pathologic conditions. The normal cholesterol content of 
the blood remains the same within certain limits. It rises and falls 
according to physiologic and pathologic conditions, which, apart from 
any transitory hypercholesterolemia following a diet rich in cholesterol, 
is probably entirely independent of food as hypercholesterolemia occurs 


43. Ueber Protagon und iiber die grosse weisse Niere, Sitzungsb. d. k. Akad. 
d. Wissensch., Math.-naturw. Klasse, Wien., 1905, cxv, 31. 

45. Panzer: Ueber das sagenanrte Protagon der Niere, Ztschr. f. physiol. 
Chem., 1905, xlviii, 519. Doppeltbrechende Substanzen aus pathologischen 
Organen, Ibid., 1907, liv, 239. 
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in inanition ( Rothschild,’* Terroine,“* Mayer and Schaefter,*? Ellis and 
Gardner). The causes of such increase of the blood cholesterol 
are presumably manifold, but the processes may be chiefly that choles- 
terol is mobilized from depots and is also liberated from cells of func- 
tionating organs by metabolic and catabolic processes in physiologic 
conditions. Physical as well as chemical factors may be at work. In 
a measure, as these oscillations in the cholesterol content of the blood 
occur and reoccur and pathologic conditions exist to retard and hinder 
the exact working of the entire machinery, cholesteral may be taken up 
more readily than under normal conditions, by cells which have been 
bathed in and irritated by hypercholesterolemic blood. The causes 
which lead to the development of a large white kidney and to the devel- 
opment of the nephritis of pregnancy, may be those which produce a 
frequent hypercholesterolemia ; cause and effect may here be in recipro- 
cal interaction. In morbid conditions from many causes, there is 
probably a more or less prolonged instability of the cholesterol equili- 
brium, and insufficiency of one component ordinarily concerned chiefly 
in the regulation of the equilibrium, as the liver is supposed to be, 
throws greater demands on other organs which are physiologically less 
prepared for such work; if in addition the cells are debilitated, they 
will soon be incapacitated and cholesterol will not be disposed of to 
an extent proportionate to the requirements, but will be deposited in 
excess and will act with destruction like a foreign body. 


SUMMARY 


In experimental hypercholesterolemia the effects vary, not only 
according to the kind, size, and number of the doses, but also greatly 
according to the general condition of the rabbit, individual as well as 
physiological and pathological. The amount of cholesterol seems less 
essential than the degree of constitutional integrity and functional 
activity of the cell which prevails prior to the injection, or which results 
from the first establishment of an experimental hypercholesterolemia. 

The ready infiltration in the liver of the rabbit, in contrast to that 
of carnivora, is an expression of insufficiency on the part of an organ 
which has normally a light task to perform in the cholesterol 


metabolism. 
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As a result of hypercholesterolemia gallstones may be formed in 
sterile bile without infection or injury of the gallbladder. Their forma- 
tion is preceded by desquamation of the epithelial cells, due to the 
irritating action of an excess of cholesterol. 

Cholesterol injected into the circulation of rabbits is not accumu 
lated in the blood to any large degree, but is rapidly deposited in vari- 
ous organs, while the elimination of it through the bile and urine is 
also greatly increased. 

The focal infiltration of the kidney with cholesterol which occurs in 
hypercholesterolemia is accompanied by degenerative processes of the 
parenchymatous structures. The urine, as a rule, contains appreciable 


amounts of cholesterol. 
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A PHARMACOLOGIC AND CLINICAL STUDY OF 
PAPAVERIN * 


DAVID I. MACHT, M.D. 
BALTIMORE 


Papaverin is one of the principal primary opium alkaloids in point 
of both quantity and pharmacologic interest. Its amount in opium 
varies from 0.1' to 0.2? per cent. The alkaloid was discovered by 
Merck in 1848. It crystallizes in white prisms, with a melting point of 
147 C. The crystals are insoluble in water and alkalis, difficultly solu- 
ble in ether and benzol, but easily soluble in warm alcohol, chloroform 
and acetone. It is tasteless, is neutral in reaction with litmus and is 
polariscopically inactive. The alkaloid easily combines with acids, 
forming salts, and it is the sulphate and more especially the hydro- 
chlorid that are chiefly used in physiologic work. These salts can be 
obtained on the market in a very pure chemical state, and are soluble 
in water and in normal saline. Like all the other opium alkaloids, 
papaverin is characterized by color reactions by which it can be identi- 
fied and distinguished from the others. These color reactions have 
been recently well described by Warren.* The most characteristic 
are the deep rose color produced by Marquis’ reagent (sulphuric acid 
plus formaldehyd) and the greenish-blue color produced by potassium 
ferricyanid and Marquis’ reagent.* 

The empirical formula for papaverin is C,,H,,NO,. Its chemical 
structure has been thoroughly worked out and is of great interest, not 
only in itself, but also as throwing light on the constitution of other 
opium alkaloids. A thorough analysis of its constitution finally 
enabled Pictet and Gams*® to prepare it synthetically. Papaverin 
belongs to the so-called benzyl-isoquinolin group of opium alkaloids,° 


* Submitted for publication, March 27, 1916. 

*From the Departments of Pharmacology and Medicine, Johns Hopkins 
University. 
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2. Henry: The Plant Alkaloids, 1913. 

3. Warren: Am. Jour. Pharm., 1915, Ixxxvii, 439. 

4. Warren: Jour. Am. Chem. Soc., 1915, xxxvii, 2402. 

5. Pictet and Gams: Beitr. z. Klin. d. Tuberk., xlii, 2943. 

6. Winterstein and Trier: Die Alkaloide, 1910, p. 160. 
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the principal other constituent of which is narcotin. Its complete 
structural formula is as follows: 


CH CH 
ry CS 
CH O—C/ “sr \ CH 
CH O C\ Pf Yn 
\/4 "i 
CH ( 
CH: 
c 
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fi 
CH CH 


CH O—C\ ACH 
WY 
CH; —O—‘ 
I. PHARMACOLOGY) 

The earlier pharmacologic experiences with papaverin are very 
few and limited. We need consider only the works of Claude Bernard 
and Baxt. Claude Bernard’ denied to papaverin any narcotic proper 
ties, and classed it as a convulsant closely related to thebain. This 
view, which is a rather exceptional one, is as remarkable as the same 
author's attribution of powerful narcotic properties to the compara- 
tively inert narcein. Sichting* from observations on himself and other 
human subjects concluded that papaverin is a mild narcotic. The 
most important and comprehensive of the earlier works on papaverin 
is that by Baxt.” Basing his conclusions on many animal experiments, 
Baxt claimed that papaverin is possessed of marked narcotic properties 
and is but slightly toxic for higher animals. The same author also 
called attention to its effect upon the frog’s heart. Von Schroeder,'’ 
in his classic paper on the opium alkaloids, takes stand midwaj 
between Claude Barnard and Baxt, attributing to papaverin mild 
narcotic properties and also calling attention to the slowing of the 
frog’s heart after injection of the drug. It is surprising to note that 
he failed to observe a fall in blood pressure, which is one of its strik- 
ing characteristics 


Of the recent works on papaverin, by far the most important has 


been done by Pal of Vienna" and his school. To Pal belongs the 
7. Cl. Bernard: Compt. rend. Acad. d. sc., lix, 464 
8. Sichting: Dissertation, Bonn, 1869. 


1, Baxt: Arch. f. Anat. u. Physiol., 1869, p. 112. 

10. Von Schroeder: Arch. f. Exper. Path. u. Pharmakol., 1883, xvii, 96. 

11. Pal: . Deutsch. med. Wehnschr., 1913, pp. 395, 2068, 2514; Wien med 
Wehnschr., 1913, p. 1049; Zentralbl. f. Physiol., 1902, p. 68 
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credit especially of calling attention to the action of papaverin on 
smooth muscle. It is strange to note, however, that although Pal has 
written much on the subject and tried the drug extensively in the clinic. 
he has published, with the exception of his work on the intestinal 
muscle, very few experimental data on the subject. 

A more careful pharmacologic study of papaverin by the most 
modern methods was desirable, and it was undertaken by the present 
author in connection with a general study of the opium alkaloids indi- 
vidually and in combination with each other. The results were so 
interesting and so fraught with therapeutic possibilities, that it is 
deemed well to describe the pharmacology of papaverin with a few 
clinical experiences in a separate paper. 

The most important pharmacologic properties of papaverin may be 
considered under four headings—its effect on the circulation, its effect 
on the respiration, its analgesic effect, and its action on smooth muscle 
structures. 

A. ACTION ON CIRCULATION 

Effect on the Heart—If we excise a frog’s heart and perfuse it 
with a weak solution of papaverin hydrochlorid (0.001 per cent. or 
less) in physiologic saline solution, a distinct slowing of the heart beat 
is noted, together with an increase in the toxicity of the heart muscle 
and more powerful contractions. If a stronger solution of papaverin 
is used (0.01 to 0.1 per cent.), the stimulating action is absent, and 
instead, a greater slowing of the beat and relaxation of the heart muscle 
are produced. Still stronger solutions lead to a further slowing and 
relaxation, and very often a heart-block effect is noted, the auricle 
beating oftener than the ventricle in the ratio of 2 to 1, 3 to 1 or even 
4to 1. Finally the heart comes to a standstill in diastole. This pecu- 
liar heart-block action is very similar to that produced by the closely 
allied alkaloid narcotin, as described by the author elsewhere."? Both 
Baxt and von Schroeder noted the toxic effect of large doses of papa- 
verin on the frog’s heart, but they failed to note the stimulating action 
of the drug when given in small doses (Fig. 1). 

The stimulating action of papaverin on the heart is much better 
shown in mammalia and was studied by the author in the rabbit, cat 
and dog. This was done in part by perfusing excised hearts according 
to the methods of Martin or Langendorff, but was much more satis- 
factorily demonstrated by the study of the heart in situ with the chest 
opened, and the circulation intact. By the use of a cardiac plethys- 
mograph or by direct myocardiographic tracings, it was found that 
small doses of papaverin produced a slight slowing of the heart beat 
and a marked increase in the tonicity of the heart muscles. The 
strength of the contractions and the volume output were also increased. 


12. Macht: Am. Jour. Med. Sc., in press. 
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Phat this effect was not due to the action on the cardio-inhibitory 
center, was shown by cutting the vagi. That it was not due to the 
action of papaverin on the cranial autonomic nerve terminals in the 
heart, was shown by administering atropin, which paralyzed the vagus 
endings, but did not change the effect of papaverin. That this action 


on the heart was not due to any effect on the cardio-accelerator 





Fig. 1.—Effect of papaverin on a frog’s heart. The down stroke represents 
the systole. Note slowing and increased contraction by a small dose (0.001 
per cent.), and toxic effect of larger dose (0.01 per cent.). 





Fig. 2—Action of papaverin on heart of dog; myocardial tracing. 


mechanism, was shown by destroying the stellate ganglia. The stimu- 
lant effect was found to be due to a distinct action on the heart muscle 
itself or the ganglia in it. This was proved by experiments on decere- 
brated animals, on special preparations according to Sherrington, 
and on excised frogs’ and terrapins’ hearts (Figs 2 and 3). 


13. Sherrington: Jour. Physiol., 1909, xxxviii, 375 
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Large doses of papaverin had relatively the same effect on the 
mammalian heart as on the frog’s heart. They produced excessiv« 
slowing and paralysis of the heart, at which stage the toxic effect on 
the central nervous system also generally manifested itself in th 
form of convulsions 

Closely associated with the action on the heart is the effect of 
papaverin on the coronary arteries and the coronary circulation. This 
effect has been treated fully in a study of the effect of the principal 
opium alkaloids on the coronary circulation, published elsewhere,' 
and we will therefore merely sum up our findings here. 

Che action on the coronary circulation was studied in three ways: 
first by perfusion of excised hearts, especially by the recent method of 
Krafkoff ;’° second, by the study of excised rings of the coronary 
artery, and third, by ascertaining the effect on the coronary circulation 





1 


Fig. 3.—Action of papaverin on cat’s heart. Heart is in a plethysmograp! 
the systole being represented by the down stroke 


in the living animal with chest opened and heart in situ, by recording 
the blood drop flow from a wounded coronary artery, the blood having 
previously been hirudinized to prevent coagulation.'® 

By all the three methods it was found that papaverin is a powerful 
dilator of the coronary artery. Figure 4 shows this dilator effect o1 
an arterial ring 

The following protocol illustrates the coronary dilatation as shown 
by Krakoff's method 

Experiment 1 Perfusion of pig’s heart by Krafkoff’s method. The nor 
mal drop-flow was 25 drops per minute; after perfusion with 0.02 per cent 


papaverin hydrochlorid solution the drop-flow was 46 drops per minute; five 
minutes later it became 56 drops per minute 


14. Macht: Jour. Am. Med. Assn., 1915, xliv, 1489 
15. Krafkoff: Arch. f. d. ges. Physiol. (Pfliiger’s), 1914, clvii, 501 
16. Bond: Jour. Exper. Med., 1910, xii, 575 
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Figure 5 illustrates the increase in coronary circulation as indicated 
by the increased number of the blood drops flowing from an incised 
coronary in a hirudinized cat 

Che coronary ring method could be practiced on the human as well 
as other coronary arteries, and it gave the same results. 

Effect on the Blood Pressure rhe effect 
sure is a resultant of its effect on the heart, on the vasomotor appara 


f a drug on blood pres 





Fig. 4 Action of papaverin on pig’s coronary artery, three rings in chain; 
I weight 38 em., lifting weight 18 gm Note relaxatiot 





Fig. 5.—Experiment performed Dec. 22, 1914, on a cat of 2.5 kg., under 
from woundec¢ 


ether anesthesia, and hirudin 20 c.c Study of blood-floy 


oronary artery by Bond’s method 4, normal drop-flow, 11 per minute 
drop-flow after injection of 8 mg. papaverin hydrochlorid, 18 per minute; ( 


three minutes later, 26 per minute 


tus and on the vessels themselves. These factors should be borne in 
mind in studying the effect of papaverin on the blood pressure. The 
most striking effect of papaverin in any blood pressure experiment on 
a rabbit, cat or dog—and the same is also true in man—is a fall in 


pressure. This fall in pressure was given after decerebrating the 
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Fig. 6—Experiment performed January, 1915, on a cat of 2.5 kg., ether 
anesthesia, showing effect of papaverin on blood pressure. 
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performed January, 1915, ether anesthesia, showing 


Fig. 7.—Experiment 
effect of papaverin on blood pressure with vagi cut. 
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animal through the orbit and also in Sherrington’s spinal preparations 
It follows, therefore, that the alkaloid produces the fall in pressure 
chiefly through its peripheral effect on the vessel walls themselves 


lhe following curves and protocols will illustrate the above points 


Protocol 1: Experiment was performed Oct. 29, 1914, on a cat of 4 kg. Under 
ether anesthesia a spinal cord preparation, according to Sherrington, was made 
and curara administered. Normal blood pressure, 84 mm.; normal pulse, 68 per 
30 seconds. Papaverin hydrochlorid, 15 mg., was injected into femoral vein. 
One minute after, blood pressure was 64 mm.; pulse, 68 per 30 seconds.; five 
minutes after blood pressure was 70 mm.; pulse, 70 per 30 seconds. 





Fig. 8—Perfusion of hind legs of Rana pipiens. Upper line gives num- 
ber of drops on perfusing with normal saline; second line gives number of 
drops on perfusing with papaverin hydrochlorid, 0.01 per cent. solution in nor- 
mal saline; lower line indicates time in seconds. 





Fig 9—Action of papaverin on internal iliac artery of pig. Two rings, 
stretching weight 30 gm., lifting weight 16 gm. 


Protocol 2: Experiment was performed Jan. 8, 1915, on a cat of 2.5 kg. 
Under ether anesthesia decerebration was performed through the orbit. The 
normal blood pressure was 72 mm.; pulse, 65 per 30 seconds. Papaverin hydro- 
chlorid. 10 mg.. was injected into femoral vein. One minute after, blood pres- 
sure was 56 mm.; pulse, 66 per 30 seconds; five minutes after blood pressure 


was 66 mm.; pulse, 65 per 30 seconds. 


Action on Blood Vessels—The vasodilating action as noted in the 
blood pressure experiments could be shown by other methods. 

The effect on the frogs’ blood vessels was shown by perfusion of 
the hind legs by Trendelenburg’s method. The action on the mam- 


malian vessels was studied by means of arterial rings or strips, 
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described by the author elsewhere.’ By this method it was interesting 
to note that different vessels differed in their reaction to papaverin 
Whereas the coronary arteries, the carotids and subclavians, and 
internal and external iliacs were markedly relaxed by the drug, the 
pulmonary artery was but slightly dilated and the uterine arteries still 
less so. The effect on the mesenteric and splanchnic vessels was studied 
by means of the plethysmograph, and as might have been expected 
from the marked fall noted in blood pressure experiments, they were 
greatly dilated. This is well illustrated by the figures 

Summing up the circulatory effect of papaverin, we may therefore 
say that it causes a fall in blood pressure, which is due partly to its 
effect on the brain, but chiefly to its peripheral action; that it produc 
a marked vasodilatation, especially of the peripheral and splanchnic 


vessels; that it increases the coronary circulation, and that, in small 





Fig. 10.—Effect of papaverin on intestinal vessels, as recorded by a plethys 


mograph. Curve upward indicates vasodilatation 


doses, it slows the heart, at the same time tending to increase the 


strength of its contractions 


B. ACTION ON THE RESPIRATION 

rhe action of papaverin on the respiration has been touched upon 

by the author in another paper dealing with the action of opium 
alkaloids in general on the respiration." There it was pointed out that 
the pharmacologic study of the respiration is a complex matter. It is 
not sufficient merely to determine the rate and volume output of 
respiration. Drugs may affect the respiratory function in several 
ways: by acting upon the respiratory center directly; by producing 


changes in metabolism; by altering the mechanical conditions of the 


17. Macht: Jour. Pharmacol. and Exper. Therap., 1914, vi, 13 
18. Macht: Jour. Pharmacol. and Exper. Therap., 1915, vii, 339 
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chest and abdomen; by acting on the bronchoconstrictors or broncho 
dilators; and indirectly by changes in the cerebral circulation, ete 
\ccordingly, in studying the action of papaverin on the respiration, 
observations were made on the rate of respiration, the total volume of 
air respired per minute or total ventilation, the true or alveolar venti 
lation, the effect on the respiratory center, and the effect on th 
bronchi. By the method described in the paper referred to, it was 
found that papaverin, while producing a slight narcotic effect upon the 


animal, exerts a distinctly stimulating effect on the respiration. Whil 


the rate of respiration is slightly decreased, the volume output and 





Fig. 11—Experiment performed April 27, 1915. Perfusion of respiratory 
center by Hooker’s method in a dog weighing 7.5 kg At P 2 mg. of papaveri 
hydrochlorid were introduced Note stimulation of center 


alveolar ventilation are markedly increased. The respiratory center is 
quite active as shown by its lively response to carbon dioxid inhala- 
tions, and the dead space is greatly enlarged, indicating a broncho 
dilatation lhe bronchodilator effect was also proved directly by 
experiments with bronchial rings. The stimulating action of papaverin 
on the center was furthermore corroborated directly by perfusion of 
the medulla by Hooker’s method 

The following protocols illustrate the above findings, and Figure 


11 shows the result of a papaverin experiment on the medulla 
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Experiment was performed Feb. 24, 1915, on a rabbit of 1,150 gm.; 11 a. m., 


rabbit tied down and allowed to get quiet. 


- ; Rate per Vol. per Vol. per 
Time Breathing min. min., ¢.c. resp., C.c. 
PE Wan cvadeusunnas Air of room 68 450 6.6 
CO: 5% 68 540 79 
CO: 10% 68 640 94 


11:50 a. m., injected subcutaneously papaverin hydrochlorid, 8 mg. 


= Rate per Vol. per Vol. per 
Time Breathing min, min., ¢.c. resp., C.c. 
MO WR wkonsdewsencs Air of room 60 480, 8.0 
CO: 5% 64 520 8.1 
CO, 10% 66 660 10.0 
ee eee Air of room 54 470 8.7 
CO: 5% 60 520 8.7 
CO, 10% 60 800 13.3 
ee eee CO: 5% 58 500 8.6 
CO: 10% 60 800 13.3 


Experiment was performed March 11, 1915, on a rabbit of 910 gm. 
2:00 p. m., animal tied down and allowed to quiet itself. 


: : Rate per Vol. per Vol. per 
Time Breathing min, min., C.c. resp., C.c. 
i Mica n ean denies Air of room 48 100 2.0 
CO: 5% 46 200 4.3 
PE Gn ks is be endan ss eate oeeasedeaastees 5.7 per cent. 
oe a ee eer ee ree 1.7 per cent. 
ET SN nk, cube deandenn oueerb ewe 29.8 per cent. 
ee err ree 1.5 c.c. 


3:35 p. m., injected subcutaneously papaverin hydrochlorid, 3 mg. 


Rate per Vol. per Vol. per 
Time Breathing min. min., ¢.c. resp., C.c. 
ee) Air of room 40 230 5.7 
CO: 5% 40 400 10.0 
NE Gln 5. 0495 24 cod oebesnsesasyeeecasedaes 68 per cent. 
a gO ee ee a ey ee 1.8 per cent. 
eS ee ne 60.8 c.c. 
ED SUN So an cincee vues Sr ednenes 42 c.c. 


C. ACTION ON SMOOTH MUSCLE STRUCTURES 


Attention to this remarkable property of papaverin has been called 
by Pal, to whom we are indebted for arousing interest in the subject. 
Pal made a broad generalization to the effect that the alkaloid lowered 
the tonus and produced relaxation of all smooth muscle structures, 
without paralyzing them. 

This generalization seems to have been based chiefly on Pal’s clin- 


ical experiences, as his published experimental work is confined chiefly 
to studies of intestinal muscle. It is remarkable, however, to find 
that later observations by other investigators and the experimental 
work of the present author all seem to confirm fully the truth of Pal’s 
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statement. The present author studied the action of papaverin on all 
kinds of smooth muscle organs, some of which had already been inves- 


tigated and others of which were never examined, and found that 


in all cases the alkaloid produced a relaxation of smooth muscle. 





Fig. 12.—Action of papaverin on longitudinal muscle of cat’s intestine. 





Fig. 13.—Action of papaverin on ureter of pig, three hours after excision 
Upward stroke indicates the contraction 


Che effect on blood vessels and bronchi has already been men 
tioned The subjoined illustration (Fig. 12) shows the effect on 


intestinal muscle strips. The same result was found with strips of the 
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uterus and the bladder. In experiments on excised pyloric sphinciers 
the present author could confirm the clinical experiences of Pal in 
pylorospasm. <A relaxation of the sphincter was noted. Furthermore, 
one of the most interesting effects of papaverin to be mentioned in 
this place is its effect on the ureter. The present author found that 
this drug produces a marked relaxation of that organ and this effect 
is of practical interest as will be shown later (Fig. 13). 


D. ANALGESIC PROPERTIES 

Attention to the narcotic and analgesic properties of papaverin has 
been especially directed by Baxt. That author claimed for the drug 
these properties in a high degree. Fronmiiller'’ also emphasized the 
analgesic effect of papaverin. On the other hand Claude Bernard, 
Sichting, Eulenburg®® and von Schroeder, considered the alkaloid in 
this respect as of very little importance. The explanation for the 
wide differences of opinion on the subject was chiefly due to the lack 
of an adequate method of comparing the effect of opium alkaloids on 
pain quantitatively. In a paper on the subject published elsewhere, 
the present author elaborated a simple method for a quantitative study 
of pain stimuli on the surface of the body, and the effect of papay erin 
Was investigated in that connection.*! 

It was found that papaverin possesses analgesic properties in a 
higher degree than codein, the effect of 40 mg. being not much inferior 
to that produced by 10 mg. of morphin. The onset of the analgesia, 
however, was much slower and its duration shorter. The general nar- 
cotic effect and depression of the higher centers was, on the other 
hand, much less than that from morphin. 

(Observations were made on six normal individuals, and the results, 
barring slight individual variations, agreed in all cases. The following 
protocols will serve as illustrations. It will be noted that injections 
of papaverin are slightly painful at the site of injection, but this dis- 
comfort soon passes away. 

E. TOXICITY 

Sefore discussing the therapeutic applicability of papaverin, it is 
essential to consider its toxicity. Papaverin is not a very poisonous 
drug and comparatively large doses of it can be given without dan- 
gerous results. Indeed the lethal dose for higher animals is so large 
that for economic reasons it was not deemed profitable to push the 
drug till death was produced in too many experiments. It was suffi- 


1869. 
20. Eulenburg: Die Hypodermotische Injection der Arzneimittel, Berlin, 1867. 
21. Macht, Herman, and Levy: Jour. Pharmacol. and Exper. Therap., 1916, 
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cient for all practical purposes to ascertain the quantity of the drug 
which produced toxic symptoms. 

In the frog it was found that the minimal lethal dose was about 
1 mg. per gram weight of frog. These results agreed well with those 
of von Schroeder. 

In the guinea-pig 100 mg. administered subcutaneously stimulated 
respiration ; 200 mg. produced violent convulsions, and death in about 
ten minutes. <A similar experience with guinea-pigs is reported by 
Bradbury.** 

White mice required about 0.5 mg. per gram weight to produce 
convulsions and death in half an hour. 

In rats, according to Bradbury, 300 mg. produced weakness of the 
muscles, but no death. 

In the case of rabbits different experimenters show considerable 
variations in their figures. According to Bradbury it required 480 mg. 
to produce death. Kunkel**® claims that doses up to 1 gm. produce 
muscular weakness, and larger doses produce convulsions and death, 
but he does not state whether the drug was given by stomach or by 
injection. Lewin** gives 2 gm. as the lethal dose by mouth. In the 
present author’s experiments the drug was not pushed to a lethal 
outcome; but it was found that doses of 25 mg. per kilo, subcuta- 
neously, excited the animal, but did not cause death, while repeated 
doses of 10 mg. each, every five to ten minutes, intravenously, caused 
convulsions, after five or six doses. 

In cats the present author found that 55 mg. per kilogram, subcu- 
taneously, produced no untoward symptoms. Repeated intravenous 
injections of 10 mg. doses in cats of 2.5 to 3 kg. produced convulsions 
after six doses 

In dogs Baxt noted marked anesthesia after 100 mg. In the present 
author’s experience subcutaneous injections of 50 mg. per kilogram 
produced distinct narcosis with uneventful recovery. Intravenous 
injections in doses of 10 mg. every five minutes produced convulsions 
in a dog of 6 kg. after about 100 mg. were injected. 

In reference to the safe dosage for man, we have collected con- 
siderable data. Schroff and Hoffman*® state that doses of 450 mg. 
produce no effect. Fronmiiller injected subcutaneously 240 mg. with- 
out harmful results. Leidesdorff** injected insane patients with doses 
of over 400 mg. without danger. Blyth** puts 1 gm. as the dosage 


22. Bradbury: Lancet, London, July, 1899. 

23. Kunkel: Toxikologie, 1901, ii, 820. 

24. Lewin: Toxikologie, Berlin, 1897, p. 260. 

25. Schroff and Hoffman: Wien. med. Wehnschr., 1868, pp. 935 and 952. 
26. Leidesdorff: Ztschr. d. Wien. Aerzte, 1868, xiii, 115. 

27. Blyth: Poisons, London, 1906, p. 322. 
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limit, and Pal quotes Bouchut also as giving quantities up to 1 gm. 
subcutaneously. These doses, however, are certainly not to be con- 
sidered safe at present, and Lewin cites a case with some weakness 
produced by 180 mg. Pal recommends 40 to 80 mg. subcutaneously 
as perfectly safe doses, and states that higher doses also produce no 
harmful results. The author’s experience with the drug on himself, 
colleagues and patients certainly agrees with Pal’s, so that doses of 
from 40 mg. to 80 mg. subcutaneously, in adults, may certainly be 
administered without trepidation. 

The present author injected papaverin intravenously on three occa 
sions without any untoward symptoms. It was found that 40 mg. well 
diluted with 200 c.c. of saline and injected slowly could be adminis 
tered safely. 

No cumulative action from papaverin has been noted by the author 
Repeated intravenous injections of from 10 to 20 mg. of the hydro- 
chlorid daily over periods of from two to three weeks showed ho such 
effect in rabbits or dogs. Papaverin is for the most part unchanged 
in the body, and is excreted chiefly through the urine, bile, and partly 


through the small intestine. * 


Il. Cuintcat EXPERIENCES 

The clinical application of papaverin should of course follow its 
physiological behavior. This has been done, in a measure, by Pal and 
his school. Thus its peculiar effect on the circulation, promoting th¢ 
coronary circulation, lowering the pressure and stimulating the heart, 
will suggest its use in angina pectoris and in cases with hypertension 
Pal actually employed it in aborting uremic crises.*° 

Its stimulating effect on the respiratory center would suggest its 
use in cases where depression of that center is undesirable 

Its analgesic action would suggest its use as a substitute for mor 
phin, especially where codein is not effective 

Lastly, its peculiar action on smooth muscle would indicate its use 
in all cases with visceral spasm. 

In the present communication, the author is reporting his rather 
limited experience with the drug, not so much as a positive proof of 
the therapeutic value of papaverin, as in order to stimulate further 
observation. The following cases were selected more or less at ran 
dom, and papaverin was administered in some cases to relieve pain and 
in others for the purpose of exhibiting its other properties. Th 
results seem to be encouraging. 

On examining the histories, one will note that in regard to its 


pain-relieving quality papaverin, though inferior to morphin, is cer 


* Dragendorff: Ermittelung von Giften, 1895, p. 225 


28. Bouchut: Cited by Pal in Med. Klin., Nov. 2, 1913, No. 44 
29. Pal: Med. Klin., Nov. 2, 1913, No. 44. 
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tainly equally as efficient as, and even more efficient than, codein. It 
will also be noted that it was more or less efficient in the cardiac cases 
(Cases 14, 15, 22, 27, 28, 30). In the respiratory conditions the 
effect was not so marked, but attention is called to Case 5, in which 
it was efficacious in relieving the troublesome cough of an advanced 
consumptive, who was habituated to heroin; and its really striking 
relief of the cough in the case of aneurysm, No. 7, which was not 
relieved by any other drug. 

The employment of papaverin in bronchial asthma was recom- 
mended by Pal. In Case 10, the effect of papaverin on bronchial 
asthma in a boy of 15 years was immediate. Case 11, however, another 
case diagnosed as “asthma,” was not relieved; but neither was that 
patient relieved by epinephrin or atropin 

Cases 13 and 25 illustrate the effect of papaverin in relaxing the 
spasm of biliary ducts, and other successful examples of the antispas- 
modic properties of the drug are found in Cases 12, 17, 18, and 21. 

The peculiar property of papaverin in relaxing the tonus and con- 
tractions of smooth muscle organs led Pal to recommend it in cases 
of pylorospasm. Its value in such cases was demonstrated by Holz- 
knecht and Sgalitzer®® through their Roentgen-ray studies, and it has 
recently been further recommended by Delprat.** All these authors 
administered papaverin by hypodermic injection. Inasmuch as a very 
striking effect is produced by the drug on smooth muscle in vitro, and 
that by very small doses, as shown by Popper,** it occurred to the 
present author that papaverin might in such cases be advantageously 
given by mouth, and in fact two or three cases of pylorospasm treated 
in this way in the Harriet Lane Home for Invalid Children ( Professor 
Howland) gave favorable results. 

Another application of the tonus-relaxing quality of papaverin sug- 
gested by the present author was its introduction directly into the 
ureter through a cystoscope, in cases of ureteral calculus and colic. 
Observations along this line are being carried on at the James 
Buchanan Brady Urological Institute (Professor Young). It may 
be here stated that two cases of ureteral stone were successfully 
treated by Dr. T. I. Gerathy in this way.** 


SYNOPSIS OF CLINICAL CASES 


Case 1.—S. M., dispensary case, F. 39372. Acute gastric indigestion. Forty 
mg. hypodermically. Slight relief. 

Case 2.—M. G., dispensary case, E. 91401. Severe cramps in one leg. Tab- 
lets 40 mg. each, three times a day by mouth. Distinct relief. 


30. Holzknecht and Sgalitzer: Munch. med. Wehnschr., 1913, No. 3. 
31. Delprat: Nederl. Tijdschr. v. Geneesk., 1915, ii, 1311. 

32. Popper: Arch. f. d. ges. Physiol. (Pfliiger’s), 1913, cliii. 

33. Gerathy and Macht: Bull. Johns Hopkins Hosp., 1916, xxvii, 119. 
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Case 3.—A. C., dispensary case, F. 33848. Very persistent cough; tubercu- 
losis. Tablets 40 mg. each, three times a day. Slight relief. 

Case 4.—J. Y., dispensary case, F. 36190. Chronic bronchitis and emphysema; 
persistent cough. Tablets 40 mg. each, three times a day. No relief. 

Case 5.—P. R., outside case, white woman, 23 years of age. Advanced tuber- 
culosis. Codein has no effect. Dionin and heroin have very little effect because 
of habitual use for cough. Tablets of papaverin, 40 mg. each, patient says 
relieved her a little more than heroin. 

Case 6—H. M., dispensary case, E. 58406. Tuberculous laryngitis and 
phthisis. Marked relief of cough and pain from tablets of papaverin hydro- 
chlorid, 40 mg. 

Cast 7.—J. B., dispensary case, F. 38599. Aortic aneurysm; troublesome 
cough. Patient tried morphin, iieroin, codein, narcophin. Finds that papaverin 
tablets, 40 mg. each, relieve better than any other drug. Same experience 
repeatedly. 

Case 8—W. D., dispensary case, E. 59866. White man, 36 years of age. 
Lumbago. Relieved by injecting 40 mg. of papaverin sulphate. Pulse before 
injection 72, after injection 68 per minute. 

Case 9.—S. G., outside case. White man, 35 years of age. Acute gastric 
indigestion. Injection of 40 mg. papaverin sulphate with slight relief. Pulse 
before injection 88, after injection 72 per minute. 

Case 10.—B. H., outside case. White boy, 15 years of age. Bronchial asthma 
Injection of 30 mg. papaverin sulphate. Immediate relief. 

Case 11.—Dr. L. Karlinski’s case. White woman. “Asthma.” Papaverin 
injection does not relieve. Epinephrin injection gives no relief, but aggravates 
condition. Only drug giving any relief is morphin. 

Case 12.—R. A., outside case. White woman, 26 years of age. Uterine colic. 
Relieved by injection of 40 mg. papaverin sulphate. 

Case 13.—R. S., dispensary case, F. 30928. White woman, 32 years of age. 
Gallstone colic. Two attacks, at different times, promptly relieved by injections 
of 40 mg. papaverin sulphate. A third time patient had attack at home, and 
called a physician, who gave her an injection of morphin. Patient was made 
“sleepy,” but relief was not as prompt as from papaverin. 

Case 14.—M. E., outside case. White man, 46 years of age. Myocardial 
insufficiency. Dyspnea and precordial pain relieved temporarily by injection 
of 40 mg. papaverin sulphate. 

Case 15.—M. B., outside case. White woman, 64 years of age. Anginal 
pains and dyspnea from myocardial and arteriosclerotic changes. Relieved 
temporarily by injection of 40 mg. papaverin sulphate. Pulse distinctly fuller 
and pressure lower after injection. 





Case 16—M. H., outside case. White woman, 26 years of age. Acute 
neuritis of ‘right hand and forearm. No relief from papaverin injection of 
40 meg. 


Case 17.—Dr. F. P., 56 years of age. Renal colic; very severe, requiring 
chloroform inhalations and morphin. Slight relief experienced for an hour 
or two after injection of 40 mg. papaverin sulphate. 

Case 18.—R. G., dispensary case, F. 23824. White man, 32 years of age. 
Lead colic. Distinct relief from injection of 40 mg. papaverin sulphate. Pulse 
before injection 80, after injection 72 per minute. 

Case 19.—N. J., outside case. Man, black, 40 years of age. Acute enteritis. 
Pain was relieved by injecting 40 mg. of papaverin sulphate. He came next 
day asking for another injection. 

Cast 20.—M. K., outside case. White woman, 38 years of age. Severe 
nervous headache, relieved by injecting 40 mg. of papaverin sulphate. 

Case 21.—M. K., outside case. White woman, 30 years of age. Acute vesical 
spasm. Pain relieved very quickly by injection of 40 mg. of papaverin sulphate. 
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Cast 22.—M. B., outside case. White man, 56 years of age. Anginoid 
attacks. Relieved by 40 mg. of papaverin hydrochlorid in solution by mouth 
every four hours. 

Case 23.—M. S., outside case. White man, 60 years of age. Cardiac dyspnea, 
very bad. Very little relief from injection of 40 mg papaverin. 

Case 24.—J. W., Ward F. (care of Dr. F. A. Evans). Hysteria. Injection 
of 40 mg. papaverin sulphate for nervousness and insomnia; not efficacious. 

Case 25.—S. W., Ward O (care of Dr. F. A. Evans). Hyperacidity and 
gallstones (?). Injection of 40 mg. papaverin sulphate for a paroxysm of pain 
brought about complete relief in fifteen minutes. Before injection respiration 
24, pulse 84, blood pressure, systolic 165, diastolic 95; after injection respira- 
tion 26, pulse 70, blood pressure, systolic 140, diastolic 90. 

Case 26.—J. W., Ward F (care of Dr. F. A. Evans). Psychasthenia 
malignum; hysteria. Injection of 40 mg. papaverin sulphate for nervousness 
and insomnia proved efficacious; slept all night. Before injection respiration 
24, pulse 88; half hour after injection respiration 24, pulse 84. 

Case 27.—A. B., Ward F (care of Dr. F. A. Evans). Syphilis of aorta; 
aortic insufficiency; myocardial insufficiency. Injection of 40 mg. papaverin 
sulphate for dyspnea and restlessness. Quieted a little after administration; 
slept brokenly several hours. Before injection respiration 30, pulse 80; half 
hour after injection respiration 30, pulse 80. 

Case 28.—E. M., Ward F (care of Dr. F. A. Evans). Hypertension; myo- 
cardial failure. Injection of 40 mg. papaverin sulphate for dyspnea and rest- 
lessness. Quite efficacious; patient almost asleep in ten minutes. Before injec- 
tion respiration 32, pulse 94, blood pressure, systolic 185, diastolic 100; after 
injection respiration 26, pulse 93, blood pressure, systolic 185, diastolic 95. 

Case 29.—T. H., Ward F (care of Dr. F. A. Evans). Lobar pneumonia; 
pericarditis. Injection of 40 mg. papaverin sulphate not efficacious in reliev- 
ing pleural pain. Neither is relief given by injection of \ grain morphin. 

Case 30.—J. D., Ward F (care of Dr. F. A..Evans). Aortic insufficiency; 
bronchopneumonia. Injected 40 mg. papaverin sulphate for relief of cough, 
dyspnea and restlessness. Quite efficacious, asleep in thirty-five minutes and 
slept five hours. Before injection respiration 28, pulse 100; after injection 
respiration 24, pulse 98. 

Case 31.—G. G., Ward F (care of Dr. F. A. Evans). Pneumonia; pneumo- 
thorax. Injected 40 mg. papaverin sulphate to induce quiet sleep. Not asleep 
in half hour, but quiet and drowsy. Before injection respiration 30, pulse 128; 
after injection respiration 30, pulse 112. 

Case 32.—R. A., Ward O (care of Dr. F. A. Evans). Bronchopneumonia. 
Injection of papaverin sulphate for dyspnea and restlessness. Not efficacious; 
some infiltration at site of injection next day. 


SUMMARY 

From the above data, it will be seen that the alkaloid papaverin 
exhibits certain very interesting pharmacologic properties. Chief 
among these are its effect on the heart and blood pressure, its action 
on the coronary circulation, its stimulating effect on the respiration, 
its relaxing and tonus-lowering influence on the smooth muscle struc- 
tures, and its considerable analgesic power. 

These, together with its comparatively low toxicity, suggested its 
employment for therapeutic purposes. The clinical experiences 
described speak in its favor, and it is hoped that further observations 
may be made to determine its exact therapeutic value in medicine. 








A CLINICAL HEMOGLOBINOMETER * 


HERBERT HAESSLER 
AND 
HARRY S. NEWCOMER, M.D 


PHILADELPHIA 


We have devised a colorimeter for the clinical estimation of hemo- 
globin which possesses several advantages over instruments now in use. 
Those methods for the estimation of color density, which depend upon 
the comparison of a sample with an interrupted series of standards, 
have always been the most satisfactory. The eye is able to place a 
sample with more certainty between two members of a variable series 
than it is to compare a sample with a uniformly graded scale. The 
latter only becomes accurate when the error is absorbed into a great 
number of readings, and as yet there had been no instrument devised 
superior to the Fleischl-Miescher for such a procedure. For a single 
operation, comparison with a series offers much more certainty as to 
the correctness of the choice. 

We have adopted the principle of the Sahli hemoglobinometer, 
modifying it to satisfy the above concepts. The Sahli instrument has 
the advantage that it offers a comparison color of the same material 
as the sample, and a color to whose shade variations the eye is par- 
ticularly sensitive. It has the disadvantage of uncertainty of compari 
son, due to the fact that one cannot reconsider a discarded choice 
Therefore, instead of the single standard tube, we use eleven com- 
parison tubes, whose densities correspond to readings varying by 10 
from 10 per cent. to 110 per cent. hemoglobin. The standard fluids 
are made up according to Sahli’s specifications. The tube marked 100 
per cent. contains in 10,100 c.c. the equivalent in hematin hydrochlorid 
of 17.2 gm. of hemoglobin. Sahli bases his percentage readings on 
blood containing 17.2 gm. hemoglobin per 100 c.c. Such a blood, 
diluted 1 to 100, would then correspond exactly with the mixture in 
our 100 per cent. tube. 

Our procedure for the preparation of the standards is as follows: 
Ten c.c. of human blood are drawn from a vein into a certified pipet 
and immediately emptied into and rinsed in 100 c.c. of 10th normal 
hydrochloric acid. At the same time, from the same vein, 2 c.c. of 
blood are drawn into a 2 c.c. pipette and emptied into and rinsed in 
400 c.c. of 1 per cent. sodium carbonate solution. This latter solution 


* Submitted for publication, April 1, 1916. 
*From the Ayer Clinical Laboratory of the Pennsylvania Hospital 
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is then calibrated on a Fleischl-Miescher hemoglobinometer and the 
hemoglobin of the blood determined in grams per 100 c.c. The hydro- 
chloric acid mixture is then made up with tenth-normal hydrochloric 
acid in dilutions corresponding to 17.2 gm. hemoglobin per 10,100 c.c. 
of fluid for the 100 per cent. tube and fractions of that for the other 
tubes. 

The hematin hydrochlorid is insoluble and forms a fine suspension. 
This settles easily. For that reason beads are enclosed in the tubes so 
that the fluid can easily be made homogeneous by a little shaking. It 
is impossible to seal the tubes off short above the fluid. A very satis- 
factory and simple method is to partially close them and then seal 
with a plug of paraffin dropped in from a pipet. Experiment showed 
that the eye can most readily compare colors in the form of vertical 
rectangles, and the size and shape eventually used seems to be the most 
favorable one. The tubes are made from glass tubing which to the eye 
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Hemoglobinometer with comparison tube containing a test specimen in the 
rack but not at the correct reading; scale six-tenths natural size. 


has a uniform thickness and whose outside diameter (about 7 mm.) 
does not vary by more than one-tenth mm. Such tubing is easy to pick 
out of ordinary stock. 

The tubes are conveniently arranged in a rack, so that the com- 
parison tube can be slipped in between any two of them. The frame 
measures 514 by 18 cm. It is of red vulcanized fiber, which is cheaper 
and more durable than gutta-percha, and the color of which does not 
seem to be objectionable. Septa between the tubes and opal glass 
behind them have been tried and discarded. The simpler construction 
facilitates the reading. Reflected light obtained by placing the instru- 
ment on a sheet of paper, as is done in ordinary titration, is best suited 
for the readings. 

On placing the comparison tube in the rack, a malposition imme- 
diately strikes the eye as producing a sharp discontinuity, as is shown 
by the accompanying illustration of the instrument. On moving the 
tube one way or the other in the rack the point at which the shading 
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becomes harmonious is readily found and the amount of deviation 
from one of the multiples of ten estimated 

The dilution of the patient’s blood can well be done with an ordi 
nary red blood pipet, using tenth-normal hydrochloric acid as a diluting 
fluid. A dilution of 1 to 100 is made. The red blood pipet will deliver 
enough fluid to fill the comparison chamber, and it offers a convenient 
and accurate instrument for the purpose with the additional advantage 
that it is usually already available or readily obtainable 

The readings can be made in any light and with certainty to a mul- 
tiple of 5 or in other words to within 21% of the correct percentage 

The frame is also very convenient when made up to use as a phenol 
sulphonephthalein colorimeter. For this purpose, however, it will 
never be as satisfactory as those instruments in which the standard 


solution can be made up each time fresh with a specimen of the urine 


as a diluent 

















THE USE OF THE “KARELL CURE” IN THE TREAT- 
MENT OF CARDIAC, RENAL AND HEPATIC 
DROPSIES * 


EDWARD HARRIS GOODMAN, M.D 
PHILADELPHIA 


The various measures recommended for the successful treatment 
of failing cardiac, renal and hepatic functions, with their concurrent 
edema of more or less severity, are legion, and one would be unwise 
to undertake the treatment Of such conditions without a full appre- 
ciation of the value of each. Drugs, physical therapeutics and diet 
form the triad upon which reliance is usually placed, and generally 
speaking, in the lay as well as in the professional mind the greatest of 
these is drugs. There are many dropsical cases in the treatment of 
which one must use all three; there are many in which physical 
measures may be safely dispensed with, and there are many cases of 
severe renal and cardiac breakdown in which drugs as well as physical 
measures may be disregarded ; but there are none in which diet has not 
earned a well-deserved and fixed place. 

It may be stated without fear of serious criticism, that the majority 
of cardiac dropsies and a large proportion of dropsies of renal origin 
will improve with the combination of rest in bed and an appropriate 
diet. The diet which has served me best and which I have employed 
successfully for some time is that known as the Karell diet, or the 
Karell cure. Although half a century has elapsed since Karell pub- 
lished his paper (1866), this particular form of diet bearing his name 
seems to be but little known and but rarely used. In Germany it is 
slowly finding its place, but as recently as 1908 Jacobs' wrote that he 
could find no mention of it in the textbooks, and but little practical 
knowledge of its existence among physicians. In America it is known 
but not intimately, and it has not secured for it the acclaim which 
would be its portion were it employed more frequently. 

During my association with Dr. John H. Musser in the Presbyterian 
and University hospitals, and with Dr. James E. Talley in the former 
institution, | have been given the opportunity to make free use of this 
method of treatment during the past few years, and have employed 
this diet in many cases, between a hundred and a hundred and fifty 
approximately. This experience, which has been productive of 


* Submitted for publication March 23, 1916. 
*Read before the College of Physicians, Philadelphia, April 5, 1916 
1. Jacobs: Miuinchen. med. Wehnschr., 1908, Iv, 8.9. 








810 THE ARCHIVES OF INTERNAL MEDICINE 


improvement in the majority of these patients, is the raison d'etre of 
this paper. 

The technic of the Karell cure is simple and easily carried out as 
far as the physician is concerned. The patient receives daily at 8 a m., 
12 m., 4 p. m., and 8 p. m. 200 c.c. of raw or boiled milk, warm or 
cold, according to taste. No other food or liquid should be given. 
This strict diet sometimes, nay, many times, meets with violent opposi- 
tion from the patient, and great complaint is made because of thirst 
Thirst is particularly tormenting during the first three or four days of 
the “cure,” and often it becomes necessary to allow the patient to rinse 
out his mouth with water, instructing him to swallow none, however. 
Hunger is not so common a complaint, but when urgent, a small piece 
of dry toast or zwieback may be given with each portion of milk. 
During the first few days the patient requires continual encouragement 
to persist with the treatment, but the moral effect of the rapid loss of 
weight, as shown by daily weighings, together with the very evident 
decrease of the edema, prove sufficient argument to him, and no fur- 
ther complaint is heard. Just how long this very strict diet is to be 
continued depends on the rapidity with which edema diminishes and 
on the patient’s plea for more food. Usually the diet may be increased 
at the end of a week’s time by giving a soft-boiled egg, without salt 
or pepper, at 10 a. m., and a piece of zwieback at 6 p.m. The next 
day an egg may be given at 10 a. m. and at 2 p. m., with a piece of 
white bread, and from now on food is gradually increased until a full 
diet is being taken. During this time the daily quantum of liquid 
should not exceed 800 c.c., and this fluid should be in the form of 
milk, until the patient receives a full diet, when the milk may be dis- 
continued and cocoa or tea substituted, the amount of liquid remain- 
ing the same, however. No more than 800 c.c. of fluid should be 
taken for from two to four weeks after the disappearance of edema 

The “full diet” spoken of above is a misnomer, for the diet should 
be salt poor, and the following foods comprise this dietary : meat, fresh- 
water fish, cream soups, fresh eggs cooked in any form or raw, rice, 
corn, hominy, Indian corn, endives, peas, string beans, French beans, 
artichokes, onions, leeks, carrots, salads except lettuce, cauliflower, 
potatoes, cereals of all kinds, butter unsalted, bread without salt, sweet- 
meats, sugar, chocolates, cocoa, tea, coffee, fruits, milk, cream cheese 
and Swiss cheese, puddings, junket, ice-cream. 

During the “cure,” which it seems needless to say must be carried 
out with the patient in bed, the bowels must be kept open, and for this 
purpose laxatives in pill form are preferable to salines, merely because 
they require no water for their administration. In a typical case, that 
is, in those individuals who begin to lose weight through the loss of 


edema, and who show increased diuresis, no other medication is 
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required, but where improvement is not seen at the end of three days, 
or when symptoms are urgent, such as dyspnea, oppression, restlessness, 
unduly frequent and weak pulse, or active uremic signs, the drugs and 
other measures usually indicated in such conditions should be used. 
This question will be further discussed later on. 

The article by Karell* in which he described his milk cure was pub- 
lished in 1866 and apparently was entirely forgotten, and would no 
doubt have remained in obscurity, had not Jacob’ reported the results 
obtained with it in Lenhartz clinic, where it had been used for about 
fifteen years. Just how many of the few writers on the subject have 
read Karell’s original paper it is impossible to say, but Jacob has given 
the year of publication as 1868 instead of 1866, and his error has found 
its way into practically every article since 1908, so that the inference 
that few have read the original is perhaps justified. Possessed as it is 
of great practical interest and of historical interest as well, written 
in a peculiarly intimate manner and naive in spirit, Karell’s paper 
should be read at first hand, but I can not forbear quoting at length 
from this very interesting article. He writes: 


It is always with a rich profusion of remedies and with the greatest con- 
fidence in their efficacy that the medical youth enters upon the practical exercise 
of his profession. However, experience does not long delay in demonstrating 
the inanity of that pretended richness; the circle of medicines prescribed nar- 
rows year by year and the physician whose age has ripened talent finally finds 
himself obliged to confess that the surface of his finger nail would be large 
enough upon which to inscribe the names of the medicines used in practice. 

lf I confess to something of the same nature, if at the end of thirty-four 
years of practice a sort of skepticism takes possession of my spirit, relative 
to the curative virtue of many medicaments, I have, on the other hand, gained 
faith in the efficacy of certain means whose object is to change and to modify 
nutrition. 

If I call attention today to the methodical cure by means of milk, I do 
it in the firm conviction that the number of cures brought about by this treat- 
ment is due, in large part, to the judicious use and to the strict observance of 
the method. It is only thus that truly startling results have been obtained, 
results which the general public have qualified as marvelous 

It may be objected that milk as a remedy is fairly well known and that 
every physician uses it according to the exigency of the case. I confess that 
all physicians are sufficiently informed regarding the virtue of milk, as food 
and as antidote, but I speak from experience when I say that in general the 
milk cure scrupulously administered in amounts rigorously fixed is not suff- 
ciently, or but rarely, recognized by practitioners as an heroic and sovereign 
remedy. 


Karell, who was physician to the Emperor of Russia, indulges in 
reminiscences of his excursion with the monarch through Russia, and 
speaks of his pleasure in seeing the milk cure being used extensively 
in many cases. He then transcribes a letter from the famous Niemeyer, 
which is worthy of being again transcribed. After having communi- 


2. Karell: Arch. gén. de méd., 1866, viii, 513. 
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cated to the Tiibingen professor his experiences, he received the fol- 
lowing letter some time later: 


I am infinitely grateful to you for having recommended the milk cure; | 
have used it so often and extol it in such a way that it would make you smile. 
If one were sincere enough to recognize that there exists a very large number 
of disease whose cause should not be sought in disturbances of certain organs, 
but rather in a perverse state of nutrition, of which we know neither the 
extent nor the nature, he would believe in the curative virtue of milk, and 
would regard it as a true scientific advance that one can find in that article 
of food a harmless measure and at the same time so efficacious in changing 
completely the state of nutrition. 


Karell has used the milk cure in at least 200 cases and found that 
it gave good results where other measures proved to be valueless. As 
to the principle underlying its virtues, he declines to give any opinion 
and this he defends by claiming: “The art of healing would surely 
remain sterile if one should limit himself only to those remedies whose 
effects can be controlled even to the smallest detail.” The diseases 
which are treated best by the cure are particularly dropsical conditions, 
but he gives a large list of other diseases of more or less chronic nature 

The writer has restricted himself to the employment of the Karell 
cure in cases of renal, cardiac and hepatic edema, and it is only these 
diseases which will be discussed in this paper, although other clinicians 
have used it in bronchitis, emphysema, gastric and intestinal conditions, 
and particularly in the treatment of obesity. Edema, from whatever 
cause is the condition, is par excellence the disease in which the most 


notable results are achieved, however. 


ILLUSTRATIVE CASES 
The following cases will illustrate the effect of the Karell cure in 
cases of edema: 


Case 1—John A., aged 70, white, was admitted to the hospital Feb. 11, 
1914, complaining of dyspnea and edema of feet. A diagnosis of endocarditis 
and arteriosclerosis was made. 

The patient states that he was fairly well until three years ago, when he 
became dyspneic and his feet began to swell. Since this time dyspnea has 
been pronounced on exertion; he has marked palpitation of the heart. 

Examination revealed a well-nourished man; heart enlarged to right and 
to left; systolic murmur at apex and at aortic cartilage; extra systoles; vessels 
sclerotic; legs greatly swollen. 

The urine had a specific gravity of 1.020, showed a trace of albumin, but 
no casts; blood: hemoglobin, 75 per cent.; leukocytes, 10,850; red blood cells, 
4,970,000; blood pressure, systolic 212, diastolic 148. 

Under treatment the patient regained fairly good condition and was dis- 
charged March 4, 1914. Edema had disappeared entirely, the subjective symp 
toms had much improved, and there was some reduction in blood pressure 

Case 2.—Frank P., aged 38, was admitted to the hospital Nov. 7, 1913, com- 
plaining of cardiac palpitation, dyspnea and edema of legs and scrotum. A 
diagnosis was made of aortic insufficiency and intermittent heart block. 
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The patient was well until two months ago, when, on returning home from 
work, he suddenly became very dyspneic. Similar attacks were of frequent 
occurrence after this. 

It was learned that the patient had contracted syphilis and Neisserian infec- 
tion at 28 years of age. He was treated in the Presbyterian Hospital two 
weeks ago for conditions similar to the present illness. 

Examination showed him to be a poorly nourished man. Marked pallor and 
cyanosis were present and dyspnea pronounced; edema of legs and genitalia. 
Heart, apex beat was in the sixth interspace, 2 cm. outside left midclavicular 
line; right border at right parasternal line, left border 3 cm. to left of left 
midclavicular line. A systolic thrill was felt at the apex;; apex beat fluttering 
and diffuse. A presystolic murmur was heard at the apex, followed by a 
short diastolic murmur; double murmur at aortic and pulmonary cartilages. 
The liver was paipable. The lower extremities were edematous, as were also 
the penis and scrotum. The pulse was irregular and rapid, and the’ arteries 
sclerosed. While he was in the ward he had an attack of typical Stokes- 
Adams syndrome. 

The urine had a specific gravity of 1.015, was cloudy, showed albumin, but 


no casts. 
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Fig. 1 (Case of John A.).—Line with heavy dots indicates loss of body 


weight, amounting to 26 pounds in ten days. 


Blood: hemoglobin, 58 per cent.;'red blood corpuscles, 3,280,000; leukocytes 
6,400; blood pressure, systolic 205, diastolic, 115. 

Under treatment the patient lost in weight 8 pounds in seventeen days. 
Nine days after beginning Karell cure edema had almost entirely disappeared, 
and there had been a loss of weight of 15 pounds. Subjective symptoms had 
improved, and there were no sharp attacks of dyspnea, such as were complained 
of on admission, although patient was still dyspneic. The heart was more 
regular, pulse less frequent, no change in blood pressure. The patient was 
discharged Nov. 28, 1913, much improved. . 

Figure 2 shows loss of weight only, as the urine was not saved quantitatively 
and therefore is not recorded. Prognosis in this case was grave, although there 
was benefit from the Karell cure. The patient returned Dec. 29, 1913, with 
symptoms similar to those on his previous admissions. The Karell cure was 
again prescribed, but there was no improvement. Cardiac stimulants were 
employed, but patient succumbed Jan. 6, 1914. 

Case 3.—Frederick P., aged 63, the same patient discussed in Case 4, was 
readmitted to the hospital Nov. 30, 1915. He had been coming since his dis- 
charge to my dispensary, but the exertion proved to be too much, and ten days 
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after his discharge dyspnea became marked, and legs, penis and scrotum 
became edematous. The condition on admission was the same as was given 
in Case 2, and a diagnosis of cardiac renal disease was made. 

Under treatment the loss of weight amounted to 22 pounds in thirteen days. 
There was again disappearance of all edema and great improvement in sub- 
jective symptoms. 

Figure 3 merely shows loss of weight. No accurate record was kept of the 
amount of urine, as the patient stipulated before entering the hospital the second 
time that he should be allowed to go to the toilet room, so the urine could not 
be collected quantitatively, as was possible during the patient's first visit to 


the hospital. 
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Fig. 2 (Case of Frank P.).—Line with heavy dots indicates the loss of 
body weight, amounting to 18 pounds in seventeen days. 
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Fig. 3 (Case of Frederick P.).—Line with heavy dots indicates loss of body 
weight, amounting to 22 pounds in thirteen days. 


Case 4.—Frederick P., aged 63, was admitted to the hospital Oct. 9, 1915, 
complaining of retention of urine and shortness of breath. 

For two months the patient had had a smothering feeling at night, causing 
him to awaken with a start. It was observed that he became dyspneic on the 
slightest exertion and when walking he had to stop and rest after going the 
distance of a few hundred feet. He has had no polyuria and no other symp- 
toms worth noting, except that after Sept. 3, 1915, a month previous to 
admission, he had become very weak. 
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He had been a sufferer from asthma previously, and a year ago he had a 
nasal operation which failed to furnish relief. His other history was negative. 

Examination showed the patient to be a well-built man, complexion pasty; 
dorsal decubitus, but the slightest exertion causes dyspnea; face edematous ; 
some hydrothorax both sides. The heart apex was in the sixth interspace to 
left of the midclavicular line. There was marked pulsation in the fourth and 
fifth left intercostal spaces. The right border was 4 cm. to right of mid- 
sternal line; left border 15 cm. to left of midsternal line. There was no 
murmur at apex, and the sounds were weak. The second sound at pulmonary 
and aortic cartilages was accentuated. There was marked edema of the entire 
body, and the abdomen showed ascites. The legs, scrotum and penis were 
very edematous; arteries sclerotic; catheterization required; eye grounds 
negative. 

The urine was 1.013, albumin a faint trace, with hyaline and granular casts; 
phenolsulphonephthalein, 7 per cent. 

Blood: Hemoglobin, 84 (?) per cent.; red blood corpuscles, 2,450,000 (?); 
leukocytes, 5,350; blood pressure: systolic, 169; diastolic, 110. 
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Fig. 4—Same patient whose record is illustrated in Figure 3. The line with 
heavy dots indicates loss of body weight; line with open dots indicates amount 
of urine secreted, which rapidly increased at first, and then fell off, providing 
an indication for other therapeutic measures. 


Under treatment there was a disappearance of the edema, and an improve- 
ment of subjective symptoms. The loss of weight was gradual, but amounted to 
30 pounds in thirty days. There was a reduction of blood pressure. In this 
case hot packs were used and caffein 0.36 gm. a day. The patient was dis- 
charged Nov. 6, 1915. 

Figure 4 shows marked increase in the amount of urine with later a fall- 
ing off in quantity. On October 12 because of this, hot packs and caffein were 
ordered; later, digitalis, 2 c.c. of the tincture daily. 


Case 5.—Ferdinand S., white, aged 61, was admitted to the hospital Jan. 12, 
1914, complaining of dyspnea and swelling of the lower extremities. His case 
was diagnosed as cardiorenal. 

His illness had begun six months before with shortness of breath, dizziness, 
and swelling of the feet and legs. Thereafter these symptoms had become 
intensified, until the patient could scarcely get his breath when he made even the 
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slightest exertion. His previous medical history showed pneumonia ten years 
before, and acute articular rheumatism two years before. 

Examinatior showed a well-nourished man with marked dyspnea. There 
was chronic passive congestion at the base of the lungs. The heart sounds weak 
but regular, with no murmurs, and slight enlargement to the left. Ascites was 
present, the liver was palpable, and the lower extremities were edematous. 

The urine was 1.029, with a trace of albumin, and with a few hyaline and 
granular casts at times. 

Blood: Hemoglobin, 70 per cent.; red blood corpuscles, 4,800,000; leukocytes, 
7,950; blood pressure: systolic, 190, diastolic, 140. 

Under treatment there was a fall in body weight, and gradual increase in 
diuresis. Until Jan. 19, 1914, patient felt no better, but at this time he was 
improved, and the blood pressure, body weight and edema were all diminished 
The patient was discharged Feb. 10, 1914, much improved. 

Figure 5 shows the drop in body weight, the sudden diuresis, followed by 
a fall. The urine was not accurately measured for forty-eight hours, Janu- 
ary 16 and 17. Then there was again an increase in amount, and a gradual 
fall in blood pressure. 
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Fig. 5 (Case of Ferdinand S.).—Line with heavy dots indicates loss of 
body weight, which was 16 pounds in eight days; line with open dots, increase 
of diuresis. 


Case 6.—Benedict P., aged 28, was admitted to the hospital July 10, 1913, 
complaining of dyspnea, distention of abdomen, edema of legs. His trouble 
was diagnosed as chronic nephritis. 

His illness had begun six months before, when the patient noticed that his feet 
were swollen and he was unable to walk without becoming much fatigued. 
Two weeks before entrance edema became worse and dyspnea appeared. 

Examination showed nutrition good. There were anasarca, ascites, and 
edema of the lungs. The heart apex was in the fifth midclavicular line, right 
border indefinite, left border in left midclavicular line. The sounds were indis- 
tinct, and there were no murmurs. There was no enlargement of the spleen 
or liver. The eye grounds were negative. 

The urine was 1.018, heavy cloud albumin, and hyaline and granular casts; 
phenolsulphonephthalein 18 per cent. 

Blood: Hemoglobin, 53 per cent.; red blood cells, 2,680,000; leukocytes, 
9,900; blood pressure: systolic, 129; diastolic, 80. 
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Under treatment there was a loss of weight of 26 pounds in fourteen days. 
There was slight increase in urine excretion, and the edema became much less, 
although it was not entirely gone on discharge. There was a disappearance of 
all subjective symptoms, and a marked increase in chlorid output. The patient 
was discharged Aug. 27, 1913, much improved. 

Figure 6 is designed to show loss of weight and delayed diuresis. 

Case 7.—Mary S., aged 57, was admitted to the hospital Oct. 7, 1914, com- 
plaining of shortness of breath, swelling of the legs and distention of the 
abdomen. A diagnosis of cardiorenal disease was made. 

The patient had been suffering with edema of the legs for about a year 
or more, but she had became worse about five weeks before entrance to the 
hospital. The trouble had begun with abdominal distention, then dyspnea 
appeared, which became so pronounced that she could not lie down. She 
had been forced to sleep in her chair. Palpitation of the heart was marked, 
and there was blood-tinged expectoration. 

The previous medical history showed rheumatism at the age of 16. 
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Fig. 6 (Case of Benedict P.).—Line with heavy dots shows loss of body 
weight, amounting to 26 pounds in fourteen days; line with open dots shows 
increase of diuresis, which was delayed in this case. 


Examination showed the patient to be fairly well nourished, but very 
edematous. Pallor was present. The heart was irregular, and there was 
enlargement to the left and to the right, with a systolic murmur at the 
base. The arteries were sclerotic. The liver was palpable, and there were ascites, 
and marked edema of legs. 

The urine was 1.016, with a trace of albumin and with hyaline and granular 
casts. 

Blood: Hemoglobin, 60 per cent.; red blood cells, 3,640,000; leukocytes, 
7,600; blood pressure: systolic, 145; diastolic, 90. 

Under treatment there was a disappearance of all edema and a loss of weight 
of 54 pounds in ten days. The blood pressure was reduced from 145 systolic 
and 90 diastolic to 125 systolic and 80 diastolic in seven days. 

Figure 7 shows the rapid loss of weight and the great diuresis, amounting 
to 4,500 cc. On the second day of treatment the urine was 100 ounces, on 
third day 148 ounces, fourth day 138 ounces, fifth day 145, or a total of 
almost 16 liters (15,940 c.c.) in five days. 

Case 8—Edward R., aged 35, was admitted to the hospital Jan. 12, 1914, 
complaining of “asthma,” dyspnea, and swelling of the feet, legs and abdomen. 
The case was diagnosed as hepatic cirrhosis. 
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The patient had had shortness of breath for a number of years, but during 
the past six weeks he had been worse, and at the time of entrance was forced 
to rest sitting up. Cough had become very troublesome. 

With the exception of asthma, patient had never been sick, but had been 
in the University Hospital in 1905 for some gastric trouble. He had always 
taken alcohol to excess; admitted Neisserian infection but denied syphilis. 

Examination showed the patient to be a large, well-built man; semirecum- 
bent decubitus. The breathing was labored and wheezing. There was pallor 
and the lungs were emphysematous, with sibilant rales. The apex heart beat 
was not visible, the sounds were weak, and there was a soft systolic murmur 
at the apex. The area was not enlarged. There was abdominal ascites. The 
liver was palpable, and there was edema of feet and legs 

The urine was negative; phenolsulphonephthalein, 66 per cent. Gastric anal- 
ysis showed total acid 8; free hydrochloric acid 0. Stools revealed occult 
blood present. 

Blood: Hemoglobin, 45 per cent.; red blood cells, 3,390,000; leukocytes 
10,600; blood pressure: systolic, 120; diastolic, 70 
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Fig. 7 (Case of Mary S.).—Line with heavy dots shows loss of body weight 
which was 54 pounds in ten days; line with open dots shows rapid increase of 
diuresis, 531 ounces of urine being secreted in four days. 


Treatment produced a loss of weight of 39 pounds in sixteen days. The 
diet was increased on the seventh day of treatment. The patient was improved 
when discharged, Feb. 26, 1914. 

Figure 8 shows a rapid loss of weight and a prompt increase in the amount 
of urine. 

Case 9.—William W., aged 22, was admitted to the hospital Nov. 4, 1913 
complaining of dyspnea, cough and expectoration, pain on inspiration, scanty 
urination, swelling of feet, and ascites. The case was diagnosed as endo- 
carditis ; decompensation. 

The patient had never been sick with a similar illness. He had been appar- 
ently well and walking about until two weeks before admittance, when he 
began to notice swelling of the feet, and began to lose his appetite. He also 
developed a severe pain in the right infraclavicular region, sharp, stabbing 
in character, made worse by taking a deep breath, and on coughing, which 
soon developed. He became dyspneic on exertion. For the past two weeks 
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he had been passing but little urine, which was dark in color. There was 
pain in back over the renal region. The face had started to swell about two 
weeks previously, and about that time he noticed that his abdomen had 
become swollen. 

His previous medical history was negative. He was in the habit of using 
alcohol to excess and of doing hard work. 

Examination showed a well-nourished young man. He had a uremic odor 
to the breath; face swollen and flushed; dyspneic. The abdomen was swollen, 
the lungs tuberculous, with pleural effusion. The apex heart beat was in the 
sixth interspace, 14 cm. to the left of the midsternal line; upper border at the 
third rib, right border 4% cm., left border 14 cm. from midsternum. The 
sounds were irregular, gallop rhythm, systolic murmur at the apex. The 
abdomen showed ascites. The liver was palpable and pulsating. The lower 
and upper extremities were edematous. 

The urine was 1.080 with heavy cloud albumin and no casts. 

Blood: Red blood cells, 4,710,000; leukocytes, 18,150; blood pressure: 
systolic, 131; diastolic, 93. 

As a result of treatment, on November 10 the patient seemed a little better, 
was not so dyspneic, but began to be jaundiced. Later, Nov. 19, 1913, there 
was parencentesis thoracis. Patient gradually became worse and despite active 
use of cardiac stimulants, succumbed on Nov. 28, 1913. 
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Fig. 8 (Case of Edward R.).—Shows effect of the milk diet in a case of 
hepatic cirrhosis. The line with heavy dots indicates the loss of body weight, 
which was 39 pounds in sixteen days; line with open dots shows the increase 
in diuresis. 


Figure 9 shows only moderate loss of weight very slowly achieved, with 
urine amounts continually low. There was no improvement in pulse rate. 
The prognosis on admission was guarded. 

Case 10.—James K., aged 49, white, was admitted to the hospital Sept. 2, 
1913, complaining of swelling of legs, genitalia and abdomen. A diagnosis of 
chronic nephritis was made. 

The patient had been well until five weeks before, when he noticed that 
he was beginning to tire easily, had general malaise and was losing appetite. 
One week before he had first observed swelling in the face, and the next day 
general swelling throughout the body. He had had diarrhea one week 
before, soreness across the abdomen, pain in the back and polyuria. Three 
weeks before he had had pains about the heart which had lasted for three 
days and prevented him from taking full breath. Dyspnea and palpitation 
also were complained of. 
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He had had nephritis with dropsy eighteen years before, and had been 
treated in the Presbyterian Hospital and discharged as cured. 


Examination showed a well-nourished man. There was slight cyanosis 
the face was puffy and the breath urinous. A few moist rales could be 
detected at the base of both lungs. The right border of the heart was 2 cm., 
the left border 12 cm. to the left of the midsternal line. The upper border 
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Fig. 9 (Case of William W.) Illustrates failure of the Karell cure; slow 
and halting loss of body weight indicated by the line with heavy dots, and 
very small amounts of urine, indicated by the line with open dots, the largest 
amount being but 30 ounces. 
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Fig. 10 (Case of James K.).—Shows chiefly the lowering of blood pressure, 
both systolic and diastolic, due to Karell diet. Line with heavy dots indicates 
loss of body weight; solid line with open dots indicates the systolic blood 
pressure, and broken line with open dots, diastolic blood pressure. 


was at the third rib. The first sound at the mitral area was roughened an 
prolonged. The pulse was regular. The arteries were sclerotic, the urine 
showed many hyaline casts, and edema was general. 

The urine was 1.010, with a heavy cloud albumin and many hyaline casts, 
and phenolsulphonephthalein excretion of 40 per cent. 
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Blood: hemoglobin, 60 per cent.; red blood cells, 4,570,000; leukocytes, 
11,200; blood pressure: systolic, 175; diastolic, 92. 

Under treatment there was a loss of 16 pounds of edema in eight days, 
with disappearance of all swelling. Diuresis increased, but it has not been 
charted as the amount was not accurately measured. There was a gradual 
fall in blood pressure, systolic and diastolic, and a disappearance of all sub- 
jective symptoms. The patient was discharged Sept. 17, 1913, much improved. 

Figure 10 is designed to show the loss of weight and decrease of blood 
pressure, 


Case 11.—Margaret McC., aged 37, was admitted to the hospital Feb. 23, 
1910, complaining of edema of face, abdomen, extremities, and of pains in the 
back. Her trouble was diagnosed as nephritis. 

Two weeks before she had noticed puffiness about the eyes, most marked 
in the mornings. In a few days her feet had become swollen, and later her 
hands. The swelling had increased each day, and finally the abdomen had 
become involved in the edematous process. 

Her previous medical history showed that she had had scarlet fever. 
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Fig. 11 (Case of Margaret McC.).—Shows retention of chlorids on a solid 
salt-poor diet; prompt elimination of chlorids and increased diuresis on Karell 
cure, with caffein and hot packs. Line with heavy dots indicates body weight; 
line with open dots shows the effect of the Karell treatment on diuresis. 


Examination revealed slight edema of the face, heart enlarged to the left, 
with a soft, low-pitched systolic murmur at the apex. No ascites. Extremi- 
ties edematous. 

The urine was 1.016, with a small amount of albumin and few fine granu- 
lar and hyaline casts. 

The blood pressure was 125 systolic and 100 diastolic. 

In the treatment salt-free diet was used, but not the Karell cure. On 
January 19, owing to signs of impending uremia, a Karell diet with hot packs 
and caffein 0.2 gm. three times a day were ordered, and the result was improve- 
ment in the urine, the chlorids and in the patient’s general condition. 

Figure 11 shows absolute chlorid retention despite increasing amount of 
urine, and the prompt and rapid elimination of chlorids and marked diuresis 
on combination Karell diet and medication. 

Case 12.—Elizabeth W., aged 36, was admitted to the hospital Feb. 12, 1910, 
complaining of edema of extremities and abdomen. Her case was diagnosed 
as nephritis. 
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Three weeks before, the patient had noticed slight swelling in the feet at 
night, the edema disappearing by morning, and puffiness about the eyes had 
appeared at the same time. The swelling had gradually increased, the entire 
body had become edematous. During the summer of 1909 the patient had 
noticed some swelling in her feet which disappeared in a few days. 

Examination showed anasarca, heart not enlarged, accentuation of both 
pulmonic and aortic second sounds and no retinitis. 

The urine was 1.013, with large amounts of albumin and hyaline and 
granular casts. 

Under treatment there was a rapid loss of weight and disappearance of 
edema. The patient was discharged much improved. 

Figure 12 illustrates the great loss in body weight, increase in urine, and 
marked chlorid elimination. 
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Fig. 12 (Case of Elizabeth W.).—Solid line with heavy dots indicates loss 
of body weight, which was 30 pounds in fourteen days. Broken line with heavy 
dots shows the elimination of chlorids, and the line with open dots the 
increase Of urine excretion. 

EFFECT OF THE CURE 

1. Subjective State—The most important feature of the cure is 
that it gives the human organism the minimum of work. All strain on 
the heart is removed as far as is possible by the rest in bed and by the 
very small amount of food given at frequent intervals, which yet fur- 
nishes enough nutrition under the circumstances and provides fuel in 
such a form that it can be utilized with the least possible effort. The 
good effects are seen by the patient almost before they are noted by the 
physician. The patient rests easier, there is a gradual cessation of 
subjective symptoms, headache, depression, vertigo, and there is a 
return of the desire to partake of food where formerly nausea and 
vomiting held sway. There is an improvement in the respiratory con- 
dition, and the patient has less dyspnea, requires fewer pillows for his 
comfort, gradually assumes the prone position, and is able to have 
long sleep without the intervention of morphin. These favorable 
changes are the reward of the strict observance of the Karell cure, 
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and the strict observance consists in giving only 200 c.c. of milk at 
8 a. m., 12 m., 4 p. m., and 8 p. m. The purpose of the treatment 
is immediately defeated if more fluid is permitted or if the patient is 
allowed to drink the milk whenever he pleases. 

2. Heart—The effect on the heart is soon noticed apart from the 
subjective symptoms of restored compensation. Good effects are seen 
more constantly in those cases which are best termed myodegeneratio 
cordis, that type of cardiac disease seen in senility, emphysema, chronic 
alcoholism and in cachectic states (Wittich). In 60 per cent. of this 
type of case improvement is seen. Valvular disease is improved in 
about 43 per cent. of cases, arteriosclerosis in 33 per cent., and accord- 
ing to Wittich, in nephritis only 14 per cent., a percentage below that 
seen in my cases. Under the combination of rest in bed and the Karell 
diet the pulse assumes, first, a better quality, and later becomes less 
irregular and less frequent. These effects are seen in many cases in 
which no medication is used, although we do not presume to deny the 
place digitalis preparations have earned for themselves in the treatment 
of arrhythmia and allorhythmia. In some cases digitalis preparations 
must be used, but their action is materially reinforced by the use of the 
milk cure. 

3. Blood pressure is generally lowered, particularly in cases of 
renal hypertension, as may be seen from Figure 10. 

4. Urine.—When the daily quantity of urine is closely watched it 
will be seen that there is marked increase in the amount. This in 
some cases begins within the first few days and reaches its height during 
the first week (Fig. 7), but in other cases diuresis is delayed (Figs. 4 
and 12). Most authors state that the largest amounts are seen in the 
first two to three days, but this has not been the rule in my cases. At 
times there is a delayed diuresis, as has been described by His. The 
urine passed in twenty-four hours may be two or three times the 
amount of milk ingested, 5 liters having been observed. In the case of 
Mary S. (Case 7), almost 4,500 c.c. were voided, and in this patient 
there was a loss of weight of 54 pounds in ten days. The specific 
gravity of the urine is variable, but generally speaking, it is in inverse 
ratio to the amount of urine excreted. On the other hand, there has 
been noted a distinct rise in specific gravity without any change in the 
amount. The quantity of albumin diminishes and disappears when 
there is chronic passive congestion, and there is also a reduction in the 
number of casts, although this is not so apparent when a true nephritis 
is present. The effect on the phenolsulphonephthalein output is varia- 
ble, but it can not be said that there is any marked increase in the 
amount excreted. 

5. The chlorid output is generally very much increased over the 
intake. Repeated analyses by Hegler have given the percentage of 
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salt in milk as 0.14, which would be about 1.1 gm. in 800 c.c, milk 
By reference to Figure 12 it may be seen what relation the output 
bears to the intake. Wittich regards this negative chlorid balance as a 
good indication of the efficacy of the treatment, and attaches greater 
importance to it than to the twenty-four-hour quantity of urine in 
estimating the changes in the circulatory apparatus. Crdinarily there 
is a marked increase in the amount of sodium chlorid during the first 
few days, both as to percentage and total amount. After two or three 
days the percentage falls, but the total amount increases, with the 
increase in urine, and finally, as the urine amount returns to normal, 
the chlorid balance is regained ( Wittich). 


rO WHAT IS IMPROVEMENT DUE? 


An attempt has been made to ascribe the benefits following the 
Karell cure to three factors, namely, reduction in the amount of fluid, 
the minimum of salt contained in the milk, and finally to the melting of 
body protein. The last-named factor has probably some bearing on 
the effect of the cure when carried out in obese patients, but is scarcely 
to be considered as a factor in the cases of edema in which as much 
as 31 pounds have been lost in three days (Mary S., Fig. 7). Hence, 
in the cases studied as a basis for this paper the so-called melting of 
body protein hardly calls for consideration. 

Metabolic studies have been made by Hegler on patients suffering 
with renal or cardiac decompensation or both, associated with obesity 
He does not consider that the limited amount of fluid ingested alone 
accounts for the diuresis and loss of weight, and this he proves by a 
patient who took 800 c.c. of milk and a liter of infusion of lime tree 
blossoms, and who nevertheless lost 10 kg. weight in eight days. 

To the low salt content of the diet has been ascribed much of the 
benefit resulting from the cure. During the first three or four days of 
the cure patients excrete daily 8, 10 or 15 gm., or even more, of sodium 
chlorid; but after from five to eight days the excretion of this salt 
sinks to from 1 to 2 gm. per day and when a diet containing from | 
to 3 gm. of sodium chlorid is given, there is a transitory tendency to 
sodium chiorid retention. If the sodium chlorid equilibrium is followed 
for a long«. period of time, there is always a preponderance of sodium 
chlorid excreted over that ingested, as much as from 40 to 60 gm. in 
from three to four weeks. This is in contradistinction to Hedinger, 
who found a considerable sodium chlorid retention and water retention, 
which, to his mind, accounted for the rapid gain in weight after com- 
pletion of the cure (obese cases?). Hegler has made the interesting 
observation that sodium chlorid added to the diet of an obesity case 
causes no water retention and no gain in weight; but when the same 


experiment is tried in dropsical individuals, there is an immediate cessa- 
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tion of loss in weight, with water and sodium chlorid retention, and 
finally gain in weight. This latter experiment is by no means new, 
however, and was first performed by Javal and Widal. Somewhat 
similar results were also obtained by v. Hoesslin in normal individuals 

From this it would seem that the good effects might be ascribed to 
the sodium chlorid poverty of the diet, but here again we find contra- 
diction in a case described by Wittich. 


TABLE 1.—SuHowine Driurests aNp Soptum CHLorip Output AS AFFECTED BY 
KARELL TREATMENT (WitticH’s PATIENT) 


Sodium Chlorid 


in Grams 
Date, 1911 Diet Urine — 
Intake Output 

May 28 Salt-free diet without limiting fluid , 700 3 4.2 
May 2 p Salt-free diet without limiting fluid a 700 

May 30 Karell cure.. ; . _— ee 1,400 1.7 10.1 
May 31 ‘ Karell cure........ hawonnninsseewanes 1,300 17 

June 1.. Karell cure.... pacae peerecescens 800 1.7 44 


Wittich’s patient, as shown in Table 1, received for two days a 
salt-poor diet, but was allowed as much fluid as he desired. There 
was no increase in diuresis, however; but as soon as the Karell diet 
was given, although now but 800 c.c. of fluid was permitted, the amount 
of urine was doubled. It is difficult to see just how a reduction of 
sodium chlorid intake (1.3 gm. less than on the salt-poor diet) could 
account for the increase in urine and the remarkable increase in the 
amount of sodium chlorid excretion. 

It appears more probable that there are several factors which 
account for the efficiency of the Karell diet: (1) absolute rest in bed, 
which removes from the organism practically all work, and decreases 
the amount of work to be borne by the heart; (2) the low amount of 
fluid and food (800 c.c., containing only 27 gm. protein and furnishing 
about 520 calories) also limits the amount of cardiac effort; (3) the 
low amount of sodium chlorid ; and finally (4) the effect of the Karell 
cure may be due to either the salt-poor diet or to the low amount of 
fluid, or it may be the sum of the two, which brings about the brilliant 
results. 

Hegler, as a result of his metabolic studies, decides that the value 
of the Karell cure can not be judged from such studies, but must be 
estimated from the clinical side, and I would here call attention to 
Karell’s remark previously quoted. No matter to what factor or 


factors the good results are ascribed the fact remains that in dropsical 
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conditions of renal, cardiac and perhaps hepatic origin the Karell milk 
diet, given as taught by Karell, is the diet par excellence. 


THE USE OF DRUGS IN COMBINATION WITH THE KARELL CURE 


In pursuing my studies the object has been to use only the Karell 
cure itself and to avoid as far as possible any medication. In many 
cases the milk diet alone brings about the desired improvement and 
no drugs are necessary, but in other cases medicines can not be dis- 
pensed with. It has been noted frequently that patients who have 
been treated for a period of time with digitalis preparations without 
much improvement do particularly well on the Karell diet alone. On 
the other hand, cases presenting marked dysprrea, cyanosis, a frequent 
and irregular pulse, need relief more rapidly than is possible with the 
Karell cure by itself. Such drugs as camphor, digitalis, strophanthus, 
caffein and morphin should be used in such emergencies, but it will 
be found unnecessary in the majority of cases to continue with their 
administration for any great length of time. Generally at the expira- 
tion of twenty-four or forty-eight hours there has been such a marked 
improvement that they may be discontinued. 

When the Karell cure has been used for a few days, and when 
there has been no objective improvement, that is, when the quantity 
of urine becomes markedly decreased, when there is no change in the 
character of the pulse, and when the body weight and the edema 
remain as before, or when both increase, then drugs must be used. 
Of these, digitalis, theocin, caffein and strophanthin seem to be 
especially suitable, and an observation of Jacob’s is worthy of repeti- 
tion, namely, that whereas in these cases digitalis preparations alone, 
even in large doses, have had but little effect on the decompensated 
heart, when used with the Karell cure a much better result is seen, 
and much smaller doses of digitalis are required. This is especially to 
be seen when digitalis has been discontinued for a few days before 
beginning again with their administration. 


PROGNOSTIC SIGNIFICANCE OF THE KARELL CURE 


Jacob, Wittich and others have called attention to the prognostic 
significance to the pure Karell cure, or the Karell cure used without 
medication. Wittich especially regards the prognosis as serious when 
there is chlorid equilibrium, persistence of edema, and stationary 
urinary output or a diminution of the same, but particularly important 
is the chlorid output, by means of which one is enabled to decide on 
the prognosis by the first day. A positive chlorid balance is absolutely 
unfavorable, and in his case this was seen in but two cases, and these 
patients died within the first few days of the cure. Wittich also 
claims to see in the chlorid metabolism not only an index of the extent 
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of reestablished compensation, but also of beginning compensation fol- 
lowing a Karell cure. When at the end of a Karell cure there begins 
to be salt retention, he regards this as an early sign of a fresh decom- 
pensatory state—a preedematous stage of cardiac decompensation—and 
he recommends a repetition of the Karell cure in order to spare the 
heart any further fatigue. 

In 1910 I called attention to the unfavorable significance of this 
chlorid retention, and a chart published at that time is reproduced here 
(Fig. 11). This patient was not on the Karell diet, but was given 
what is popularly called a salt-free diet, but more properly, a salt-poor 
diet. 

CONTRAINDICATIONS 

During our experiences with the Karell cure there have been no 
bad results when the treatment has been properly used. There are 
cases, however, which do not seem to respond to the diet, and for this 
reason the Karell treatment is no longer recommended in_ these 
instances. Patients exhibiting symptoms of uremia should not be put 
on the Karell cure, which restricts the fluid intake to a minimum, as 
it has been shown by Senator and others that in this crisis the fluid 
intake should be greatly augmented for the purpose of flooding from 
the system the unknown toxic substance or substances believed to be 
the causative factor in uremia. Wittich states that the Karell cure in 
two cases of uremia left him absolutely in the lurch, and the patients 
were made materially worse. The treatment of such individuals should 
be that well known to all practitioners of medicine, and the Karell 
cure has no place whatever in the management of such cases. 


248 South Twenty-First Street. 
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ON THE REACTION OF THE CEREBROSPINAL FLUID 


S. H. HURWITZ, M.D., ann C. L. TRANTER, M.D 
SAN FRANCISCO 


In its mode of origin and in its pathways of absorption, as well as 
in its physical and chemical properties, the cerebrospinal fluid is unique 
among the body fluids. Two facts derived from clinical and experi- 
mental observations have been established within recent years with a 
fair degree of conclusiveness, namely, the dual origin of the cerebré 
spinal fluid and its return to the general circulation chiefly by a process 
of filtration through the arachnoid villi into the great sinuses.':* Unlike 
the circulating lymph, which is derived from the blood by a process of 
filtration, diffusion and osmosis, the cerebrospinal fluid is the secretory 
product of the ependymal cells which cover the choroid plexuses, 
although it must be admitted that certain fundamental anatomic and 
physiologic aspects of this problem are still unsolved. 

Another interesting observation which has been brought forth bv 
a number of workers is that these plexuses constitute a remarkably 
effective barrier against the entry into the cerebrospinal fluid of sub- 
stances present in the circulating blood. This observation may indeed 
explain, in part at least, the unique physical and chemical properties of 
the fluid, for in these respects also it is unlike any other fluid in the 
body, being approached in its composition most nearly by the sweat, 
tears, and aqueous humor of the eye. From the circulating lymph nor- 
mal cerebrospinal fluid differs in several striking particulars: it is of 
lower specific gravity, contains a small content of salt, only minute 
traces of protein, and no fibrinogen. 

Concerning the reaction of the cerebrospinal fluid, little more 
definite is known beyond the general statement of most authors that 
it is alkaline. As to the degree of this alkalinity in comparison to the 
other body fluids and more especially to the blood little is known 
According to Cavazzani—and most authors quote him—the alkalinity 
of the fluid is only half as great as that of the blood.*** Mott has 
attempted to express the degrees of reaction in terms of percentages of 


* Submitted for publication April 6, 1916. 

*From the George Williams Hooper Foundation for Medical Research, and 
the Neurologic Clinic, the University of California Medical School, San 
Francisco. 

1. Weed, Lewis H.: Jour. Med. Research, 1914, xxxi, 21, 51, 93. 

2. Mott, F. W.: Lancet, London, 1910, ii, 1, 79. 

3. Plaut, F.; Rehm, O., and Schottmiiller, H.: Leitfaden zur Untersuchung 
der Zerebrospinalfliissigkeit, Jena, Gustav Fischer, 1913, pp. 16, 23. 
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sodium hydroxid. Calculated in this way, the reaction has been found 
by him to vary only slightly in different animals, and in man in different 
pathologic conditions. On an average it corresponds to 0.1 per cent. 
sodium hydroxid. 

That such titrimetric determinations of reaction lack accuracy has 
been repeatedly emphasized in recent literature.*:° The more extensive 
knowledge gained from modern physicochemical studies has shown that 
the titrimetric method in its present form is inaccurate, and that an 
exact knowledge of the reaction of a solution can be gained only from 
a determination of its hydrogen ion concentration. 

Although extensive studies have been made of the hydrogen ion 
concentration of most biologic fluids, electrometrically or by the color- 
imetric method, we were surprised to find almost no mention in the 
literature of similar determinations on the cerebrospinal fluid. Neither 
Sérensen* nor Michaelis’ in their exhaustive treatises on this subject 
make any reference to such studies. 


s 


So far as we are aware, Polanyi, quoted by Bisgaard,* was the first 
to determine the hydrogen ion concentration of the spinal fluid. He 
found the value for pH to be 10.04 (9.0810"'). Bisgaard, however, 
who carried out similar determinations both by the gas-chain electro- 
metric method, as well as colorimetrically, gives the value as 8.10, 
although fluids obtained post mortem were found by him to be more 
alkaline (pH=8.46 to 9.25). This worker found also that the results 
obtained by the Hasselbach apparatus corresponded well with those 
obtained colorimetrically with phenolphthalein as indicator. 

In view of the meagerness of data on this point, it seemed worth 
while to determine the hydrogen ion concentration of normal cerebro- 
spinal fluid, as well as of fluid obtained from patients suffering from 
several types of disease. In the present paper we wish to report the 
results of such determinations made by the colorimetric method upon 
forty-seven fluids. 

METHOD 

Sources of Error—In a recent communication® we presented in 
some detail the principles and the extent of applicability of the colori- 
metric method for determining the hydrogen ion concentration of bio- 


4. Clark, W. M.: Jour. Infect. Dis., 1915, xvii, 109. 

5. Hurwitz, S. H.; Meyer, K. F., and Ostenberg, Z.: Bull. Johns Hopkins 
Hosp., 1916, xxvii, 16. 

6. Sérensen, S. P. L.; Ergeb. d. Physiol., 1912, xii, 393. 

7. Michaelis, Leonor: Die Wasserstoffionenkonzentration, Berlin, Julius 
Springer, 1914. 

8. Bisgaard, A.: Biochem. Ztschr., 1913-1914, Iviii, 1. 
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logic fluids, but only brief reference was then made to the sources of 
error of the method. These in the main are three in number,’ and a 
critical analysis of them will show that they do not materially alter the 
accuracy of the method in its application to cerebrospinal fluid. 

1. The Effect of Coloring Matter in Biologic Fluids: One of the 
greatest obstacles met with in the use of colorimetry in the determina- 
tion of the ionization of biologic fluids is the turbidity and the pigment 
present in the majority of such fluids. In the case of blood this diffi- 
culty was unsurmountable until Levy, Rowntree and Marriott’® sug- 
gested the method of determining the ionization of the dialysate 
obtained by dialyzing blood through collodion membranes for a given 
time interval. It is obvious that this difficulty does not arise in the case 
of cerebrospinal fluid, which, in health and when carefully obtained 
without contamination with blood, is usually a colorless, limpid fluid. 
Should any turbidity exist due to the presence of inflammatory prod- 
ucts, the fluid can still be read directly by use of the comparator method 
described in a previous paper. 

2. Influence of Neutral Salts: Those who have used this method 
are agreed that the presence of neutral salts in sufficient concentration 


greatly influences the point at which a given indicator changes color. 
In this respect various indicators show different degrees of sensitive- 


ness. In most instances the neutral salt concentration must be two to 
three times that of blood in order to render the use of indicators for 
these determinations subject to gross error.*' | From the available 
analyses of the blood and the cerebrospinal fluid it would appear, how- 


9. A source of error which should be mentioned, but which is not peculiar 
to any one method, is that which may result from the loss of carbon dioxid in 
determinations of hydrogen ion concentration on carbon-dioxid-containing fluids, 
such as blood and cerebrospinal fluid. The possibility of this error has been 
precluded in electrometric measurements by the use of a special electrode, the 
Hasselbach electrode, for the purpose of keeping the carbon dioxid tension 
at a constant level during the measurements. In the use of the colorimetric 
method this difficulty cannot be met with entire satisfaction, and the values for 
pH obtained do not in a strict sense have the absolute accuracy possessed by 
readings made with the hydrogen electrode. But it would appear from Mott's 
work’ that the carbon dioxid in cerebrospinal fluid is in more stable combination 
than in blood, and for this reason this medium is more suited to colorimetric 
readings than is the blood. In every case it is important to make the determina- 
tions on perfectly fresh specimens and with a similar technic in order to give 
the results comparative value. 

10. Levy, R. L., Rowntree, L. G., and Marriott, W. McKim: THe ArcHives 
Int. Mep., 1915, xvi, 389. 

11. Rona, P.: Handbuch d. Biochemische Arbeitsmethoden, E. Abderhalden, 


1911, v, 321. 
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ever, that the inorganic salts exist in the two fluids in about equal con- 
centration.” 

3. Influence of Proteins and their Split Products: Because of their 
colloidal properties and their amphoteric character, proteins or their 
split products greatly modify the point at which certain indicators 
change color, and this quite independently of the hydrogen ion concen- 
tration. Their presence, therefore, constitutes a source of error which 
at times is sufficiently great to render the colorimetric method inappli- 
cable to solutions containing protein in high concentration. From what 
has already been said concerning the extremely low protein content of 
normal cerebrospinal fluid, it is apparent that this source of error does 
not apply to it. According to Mott and others, normal cerebrospinal 
fluid contains only 0.03 per cent. of protein, and in pathologic cases it 
seldom exceeds 0.25 per cent.* 

From the above considerations it is clear that because of the unique 
chemical composition of the cerebrospinal fluid colorimetric determina- 
tions of its ionization are not subject to the same sources of error 
which would arise in the case of other biologic fluids. 

Technic.—The principles of the colorimetric method, the prepara- 
tion of the standard comparison tubes and the manner of expressing the 
results are recorded in recent communications.» *° In this paper it is 
necessary only to give the several steps in the procedure. 

Spinal fluid is obtained by lumbar puncture in the usual way, and 
is received into thoroughly clean and dry Jena glass test tubes.’® 
Because of the clear, watery nature of the fluid and its low protein 
content, it is possible to make the determinations of the hydrogen ion 
concentration either directly or indirectly by testing the dialysate as 
recommended for blood by Levy, Rowntree, and Marriott. 

For a direct reading 3 c.c. of spinal fluid are delivered into a small 
clean and dry test tube 10 by 100 mm., and 0.3 c.c. of a 0.01 per cent. 
solution of phenolsulphonephthalein is added. After inverting the test 
tube several times in order to distribute the color evenly, comparisons 


are made between the color obtained and those of a series of standard 

















12. Gautier and Zdarek (quoted by C. E. Simon, Clinical Diagnosis, Ed. 8, 
Philadelphia, Lea & Febiger, 1914, p. 501) give the concentration of chlorids, 
phosphates and sulphates in cerebrospinal fluid as 6.44 per mille; while Hammar- 
stern, O. (A Text Book of Physiological Chemistry, Ed. 8, New York, John 
Wiley & Sons, 1909, p. 239) states that the blood as a whole contains in ordinary 
cases from 770 to 820 per mille water, with from 180 to 230 per mille solids, of 
which from 6 to 10 per mille are inorganic and the remainder organic solids. 
13. We have found that some of the thick-walled test tubes, even when thor- 
oughly clean, deliver up alkali in sufficient amount to render distilled water 
placed in them alkaline to phenolsulphonephthalein. This source of error must 
of course be obviated. 
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solutions consisting of phosphate mixtures prepared according to the 
directions of Sérensen.'"* The color in the standard series which most 
closely matches that of the solution tested gives the hydrogen ion con- 
centration of the test fluid. 

lf it be desired to test the dialysate in order to compare its hydrogen 
!on concentration with the dialysate of the blood of the same patient, 
1 to 2 c.c. of cerebrospinal fluid are placed into a collodion sac, which 
is then lowered into a small test tube containing 3 c.c. of physiologic 
salt solution, until the fluid on the outside of the sac is as high as that 
on the inside. Dialysis is allowed to continue for five minutes. The 
collodion sac is then removed, and 0.3 c.c. of the indicator solution is 
added to the dialysate. Color comparisons with the standard scale are 
now made as detailed above. For comparative purposes the same quan 


tity of the same patient’s blood is tested in a similar manner. 


RESULTS 

The Reaction of Normal Cerebrospinal Fluid—tIn Table 1 have 
been grouped nineteen normal patients in whom the reaction of the 
cerebrospinal fluid was determined. These patients, as will appear, 
represent a large variety of clinical conditions, and in a strict sense 
cannot be classed as normal. But so far as the cytologic, chemical and 
serum tests indicate, no abnormality existed in the central nervous 
system, and on this ground it is justifiable to place them in the normal 
group 

It will be noted that in the nineteen determinations made upon the 
fluid directly the average value of the hydrogen ion exponent (pH) 
was 8.26, with a minimum value of 8.15 and a maximum value of 8.3; 
whereas the average of the same number of readings made on the 
dialysate was slightly lower, pH being equal to 8.11. Of interest also 
is the fact that the two lowest readings were obtained in cases of 
cerebral injury, treated by decompression and the withdrawal by punc- 
ture of considerable amounts of fluid. It is not unlikely that the dimin- 
ished alkalinity in these instances may have been due to dilution of the 
fluid by hypersecretion. 

As compared with the hydrogen ion concentration of the dialysate 
of the cerebrospinal fluid, that of the blood obtained from the same 
patient was found to be much higher. In the six instances in the nor- 
mal group in which the blood was also tested an average value for 
pH of 7.66 was obtained. Thus the hydrogen ion concentration of the 
blood in these cases was greater than that of the spinal fluid by the 
value of 0.45. 

14. The standard test solutions were prepared for us by Hynson, Westcott and 


Company, Baltimore. 
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In connection with the reaction of the cerebrospinal fluid in health, 
there are several interesting physiologic problems which still await 
solution. One of these concerns the relationship between the normal 
functional activity of the nervous centers and the reaction of the fluid 
Mott? proposes the view that after normal sleep the alkalinity may be 
slightly greater than at the end of a day’s work, because of the pro- 
duction of acid substances resulting from nerve cell activity. 


TABLE 2.—A Comparison or THE HyproceN Ion CONCENTRATION oF BLoop 
AND CEREBROSPINAL FLvuID 


| Reaction of Reaction of Cerebro- | Reaction of 
No. of Case | Cerebrospinal Fluid | spinal Fluid Dialysate, | Blood Dialysate, 
Value of pH | Value of pH Value of pH 


Average 





Another problem of interest concerns the reaction of the cerebro 
spinal fluid in different loci. From the work of a number of observers 
it is now known that ventricular and subarachnoid fluids may differ in 


some important respects. It has been shown, for instance, that there 


is a slightly higher percentage of sugar in ventricular than in sub- 
arachnoid fluid, whereas the reverse is true of the albumin content; 
furthermore, that ventricular fluid may be richer in waste substances 
which may have been added to it during its passage through the sub- 
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arachnoid perivascular and perineuronal spaces.’* The _ possibility 
may therefore be entertained that the two fluids, which differ in these 
marked particulars, may also show measurable differences in reaction. 

The Reaction of Cerebrospinal Fluid and of Blood Compared.— 
Jn a previous paragraph it was pointed out that blood and spinal fluid 
obtained from the same patient at the same time may show a consider- 
able difference in the hydrogen ion concentration as determined by the 
colorimetric method. In Table 2 are given eighteen instances in which 
such comparative data were obtained. The average value of the hydro- 
gen ion concentration tested upon the dialysate of the spinal fluid was 
8.07 as compared with 7.66 obtained in the case of the blood dialysate. 
Thus the ionization of blood tested in this way is greater than that of 
cerebrospinal fluid by the value of 0.41. It must be emphasized, how- 
ever, that the need of resorting to dialysis doubtless introduces a source 
of error in the data given, for the reason that the two fluids dialyzed 
—blood and cerebrospinal fluid—are not chemically equivalent, the for- 
mer containing a higher percentage of protein and colloids, both of 
which are known to influence the dispersion of electrolytes through 
porous membranes.’* These considerations, however, do not affect the 
observation that the hydrogen ion concentration of the spinal fluid 
tested directly is lower than that of the blood."’ 

The Reaction of the Cerebrospinal Fluid in Disease.—In this paper 
the observations have been limited to those diseases in which lumbar 
puncture is ordinarily done as a routine measure either for diagnosis 
or treatment. Tables 3 and 4 include twenty-eight cases of syphilitic 
disease and of syphilitic affections of the nervous system in which the 
reaction of the spinal fluid was determined. The diagnosis in all of 
these patients was confirmed either by cytologic and chemical tests 
or by the routine Wassermann reaction of the blood and spinal fluid. 

From an examination of Table 3 it will be noted that the average 
hydrogen ion concentration (pH) of the spinal fluid in primary and 
secondary cases of syphilis is equal to 8.26, while determinations of the 
dialysate give somewhat lower readings (pH=8.14). Similar read- 
ings made upon the dialysate of the blood in seven of these patients 
gave an average value of pH equal to 7.64, which is 0.5 lower than 
that obtained for the dialysate of the spinal fluid. By comparing these 
figures with those recorded in Table 1, it will be observed that these 
values do not differ widely from those obtained for normal fluids. The 


15. Cushing, H.: Jour. Med. Research, 1914, xxxi, 12, 13, 15. 

16. Ostwald, W.: A Handbook of Colloid Chemistry, Philadelphia, P. 
Blakiston’s Sons, 1915, p. 219. 

17. The hydrogen ion concentration of the blood determined by the hydrogen 
electrode averages 0.3 & 10°, or pH=7.5. The value for pH* obtained by the 
colorimetric method is 7.66. 
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results show, further, that in both groups the hydrogen ion concentra- 
tion of the blood obtained from the same patient at the same time and 
similarly tested is in each instance greater than that of the spinal fluid, 
the average value for pH in the syphilitic cases being almost identical 
with that obtained in the normal cases. 

Nor was any marked alteration of the normal reaction observed 
in the spinal fluid obtained from patients with syphilitic affections of 
the central nervous system, such as tabes, general paresis and cerebro- 
spinal syphilis. The average values for pH in this group, as recorded 
in Table 4, are slightly lower than the normal, but the differences are 
too small to be of real significance. A study of the reaction of the fluid 
in these cases brings up an interesting point, namely, the relationship 
between inflammatory conditions of the meninges and the reaction of 
the cerebrospinal fluid. Some authors’ ?* entertain the view that in 
the presence of infection acid products are formed which render the 
cerebrospinal fluid acid. From the presence of a high cell count, that 
is, an average thirty-five cells with a maximum of 110 cells, in the 
spinal fluid of most of these patients, one may assume a chronic inflam- 
matory condition to have existed; and yet no alteration in reaction was 
demonstrable. This, however, does not preclude the possibility that 
acute inflammatory conditions may be associated with a more acid 
reaction, that is, with an increase in the hydrogen ion concentration. 
So far as we are aware no positive proof has been brought forth to 
show that acid substances may form in acute inflammatory conditions 
of the meninges, and that these may produce an acidulation of the 
cerebrospinal fluid. 

The possibility that the reaction of the fluid may be rendered more 
acid in cases of infection suggests a therapeutic problem of considerable 
importance. As has been shown by Crowe'® hexamethylamin is one of 
the few antiseptic drugs which can traverse the barrier of the choroid 
plexuses and pass from the blood stream into the cerebrospinal fluid. 
But in order to be effective in antagonizing infection, hexamethylen- 
amin must, according to more recent studies,”° be broken up into formal- 
dehyde. This chemical change can occur only in an acid medium. 
Unless, therefore, it can be demonstrated that the spinal fluid becomes 
acidulated in the presence of infecting organisms and that hexamethyl- 
enamin is actually broken up into formaldehyde, considerable doubt 
must be entertained concerning the bactericidal power of this drug in 


20 


combating infections of the meninges. 
18. Wingrave, W.: Jour. Laryngol., Rhinol. and Otol., 1915, xxx, 270. 

19. Crowe, S. J.: Bull. Johns Hopkins Hosp., 1909, xx, 102. 

20. Burnam, C. F.: Tue Arcuives Int. Mep., 1912, x, 324. Hinman, F.: Jour. 
Am. Med. Assn., 1913, Ixi, 1601. 
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SUMMARY 


The colorimetric method of determining the hydrogen ion concen- 
tration of the cerebrospinal fluid gives constant and reliable results. 
For the reasons given, the method, when applied to cerebrospinal fluid, 
possesses greater accuracy than in the case of other biologic fluids, 
notably blood. The simplicity of the technic makes it applicable as a 
routine procedure in the examination of spinal fluids. 

As determined colorimetrically, normal cerebrospinal fluid is more 
alkaline than blood, the difference in the hydrogen ion concentration of 
the dialysates of the two fluids being equal to 0.45, the value of pH 
for cerebrospinal fluid being 8.11; value of pH for blood, 7.66. No 
alteration from the normal reaction has been noted either in the blood 
or in the fluid of patients suffering from primary or secondary syphilis 
or from syphilitic affections of the nervous system. Thus far no study 
has been made of the reaction of the cerebrospinal fluid in acute inflam- 
matory conditions of the meninges. The demonstration that a change 
in reaction does or does not occur would have an important bearing 
upon the value of hexamethylenamin as a therapeutic agent in the 
prophylaxis and treatment of meningeal infections. 
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A METHOD FOR THE DETERMINATION OF THE 
ALKALI RESERVE OF THE BLOOD PLASMA * 


W. McK. MARRIOTT, M.D. 
BALTIMORE 


Bicarbonates, alkali protein compounds and small quantities of alkali 
phosphates together constitute the alkali reserve of the blood plasma.* 
Under normal conditions these substances are present in very constant 
quantities. A diminution in the alkali reserve is known as acidosis and 
may be recognized by a variety of clinical symptoms and by characteris- 
tic alterations in the composition of the blood, urine and alveolar air. 

The alkali reserve maintains the plasma at a constant slightly alka- 
line reaction, despite the fact that acid products of metabolism are 
continually being poured into the blood. Chief among the acid products, 
so far as total quantity is concerned, is carbonic acid. This, as carbon 
dioxid, enters the plasma circulating through the tissues and is taken 
up partly in combination and partly as dissolved carbonic acid. An 
almost infinitesimal change in reaction in the direction of acidity occurs. 
This slight change is sufficient to stimulate the respiratory center. The 
resultant pulmonary ventilation removes the excess of carbon dioxid 
and the plasma reaction returns to its original point. An excessive 
production of carbon dioxid in the tissues results in a greater change in 
the reaction of the plasma, with a consequent increased stimulation of 
the respiratory center and increased pulmonary ventilation. This tends 
to accomplish the removal of the extra carbonic acid. No depletion of 
the alkali reserve occurs. 

If, however, a nonvolatile acid, such as sulphuric, phosphoric or 
beta-oxybutyric is poured into the plasma, a certain amount of the alkali 
reserve is neutralized and the reaction of the plasma shifts towards 
acidity. Increased pulmonary ventilation occurs, but this, of course, 
cannot effect removal of the nonvolatile acid. An extra amount of 
carbonic acid can be removed, however, so that less than the normal 
amount remains in the plasma. This decrease in carbonic acid may 
compensate for increase in nonvolatile acids and the reaction may return 
to the normal point. The alkali reserve, however, is depleted, as it is 
partially neutralized by the nonvolatile acid. When the plasma with its 
depleted alkali reserve again comes in contact with the tissues, the car- 
bonic acid normally produced causes a greater change in reaction than 


*Submitted for publication, April 17, 1916. 
*From the Harriet Lane Home and the Department of Pediatrics, Johns 


Hopkins University. 
1. Plasma alone is here considered. The whole blood maintains its reaction 


in essentially the same way as the plasma alone. 
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when the alkali reserve was intact. As a result there is an overstimula- 
tion of the respiratory center, the evidences of which are hyperpnea 
and a diminished alveolar carbon dioxid tension. If the increased pul- 
monary ventilation is sufficient to maintain the carbonic acid content of 
the plasma at a low enough level, no appreciable change in reaction 
occurs. If, however, the alkali reserve is not replenished? and if acid 
continues to pour into the plasma, a time may come when the increased 
pulmonary ventilation can no longer compensate by removal of car- 
bonic acid. In such an event, the reaction of the circulating plasma 
becomes constantly less alkaline until a point is reached which is incom- 
patible with life. This point is, approximately, neutrality. 


- (ool 
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Fig. 1.—Showing relation between alkali reserve and reaction of the plasma. 
I, plasma under normal conditions; //, plasma in mild acidosis; //], plasma in 
severe acidosis. Figures in left-hand column represent the negative logarithm 
of hydrogen ion concentration (pH). Black areas in the columns represent 
nonvolatile acid, and the shaded areas, carbonic acid. 


The accompanying diagrams® illustrate the changes occurring in the 
plasma under the conditions described above. 

The reaction of the plasma is expressed in terms of the negative 
logarithm of the hydrogen ion concentration (pH). According to this 
method of notation a reaction of 7.0 is the expression for neutrality. 
Figures less than this represent varying degrees of acidity, figures 
greater, corresponding degrees of alkalinity. The figures given in the 
2. The alkali reserve may be replenished by administration of alkalies as 
such or as foods giving an alkaline ash. The body itself replenishes the reserve 
by production of ammonia and by the selective excretion of acid by the kidneys. 

3. Compare Barcroft: Respiratory Function of the Blood, Cambridge, 1914; 
Peabody: Am. Jour. Med. Sc., 1916, cli, 184. 

4. For a more detailed explanation of this method of expressing reaction, 
see Levy, Rowntree and Marriott, THe Arcuives Int. Mep., 1915, xvi, 390. 
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diagram for reaction of the plasma are those obtained by the dialysis 
indicator method described below. They approximate the true values. 
In the columns (Fig. 1) the black areas represent nonvolatile acids, 
the shaded areas carbonic acid. Column / represents the plasma under 
normal conditions. The reaction (P), when measured under such cir- 
cumstances that no carbonic acid is allowed to escape, is approximately 
7.5. If the carbonic acid is entirely removed, the reaction becomes 
more alkaline and reaches the point 8.5; this final reaction (R) may be 
considered a measure of the effective alkali reserve. In the diagram 
the alkali reserve is represented by that part of the columns between 
the neutral point 7.0 and the points marked R. As the neutral point, 
at a given temperature, does not vary, the reaction at the point FR is a 
quantitative expression for the alkali reserve.” 
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Fig. 2—Showing relation between alkali reserve of the plasma and alveolar 
air. Ordinates represent negative logarithm of hydrogen ion concentration of 
the dialysate from serum after removal of carbon dioxid (RpH), and abscissae, 
mm. tension of carbon dioxid in alveolar air (Plesch-Higgins method). 


Column // represents the condition of the plasma when a moderate 
degree of acidosis is present. The nonvolatile acids are increased, but 
carbonic acid is decreased, so that the actual reaction (P) remains 
practically the same as under normal conditions. The alkali reserve, 
however, is depleted so that when the carbonic acid is removed the 
reaction (R) differs appreciably from the normal. 





5. This reaction varies with the alkali reserve, although, as a matter of fact, 
the two are not absolutely proportional. The lengths of the columns in the 
diagram are logarithmic and not actual. The shaded areas representing car- 
bonic acid do not represent actual quantities present but the difference between 
the logarithms of the hydrogen ion concentration, before and after removing 
the amount of carbonic acid present. The difference is greater the greater the 
amount of carbonic acid, but the diagram is not to be interpreted as meaning 
that because the shaded area PR in Column I is twice as great as in Column I] 
that in I exactly twice as much carbonic acid is present. 
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Column /// represents the condition of the plasma when the alkali 
reserve is so greatly depleted that the diminished amount of carbon 
dioxid can no longer compensate and an actual change in the reaction 
of the plasma, as it exists in the vessels, occurs. On removing carbon 
dioxid the reaction differs very greatly from the normal. The lengths 
of the shaded portions of the columns indicate, in a general way, the 
variations in tension of carbon dioxid in the plasma and hence in the 
alveolar air which is, presumably, in equilibrium with the plasma. 

Provided the respiratory center does not vary in its excitability, 
the reaction of the circulating plasma is maintained at a constant point, 
except when a very marked acidosis, that is, depletion of the alkali 
reserve, occurs. The tension of carbon dioxid in the alveolar air 
generally bears a constant relation to the alkali reserve. 

Since it is only in severe acidosis that changes occur in the reaction 
of the plasma, as it exists in the body, the measurement of the reaction, 
the hydrogen ion concentration, is a measure of the excitability of the 
respiratory center rather than of the degree of acidosis. This measure- 
ment may be most accurately made by the electrometric gas chain 
method, a somewhat difficult procedure and one not readily adaptable 
to clinical work. Recently an effort has been made to determine the 
reaction of the plasma by means of an indicator.* 

The method consisted in dialyzing serum or whole blood against 
salt solution in order to remove coloring matters and proteins. The 
hydrogen ion concentration of the dialysate was determined by means 
of the indicator, phenolsulphonephthalein, phosphate solutions of 
known hydrogen ion concentration being used as standares ‘am- 
parison. At the outset of this work it was realized that the actual 
hydrogen ion concentration was not determined; the results, however, 
coincided closely with those obtained by the electrical method. In 
severe acidosis variations in the direction of acidity were encountered. 
The method seemed to indicate variations in the hydrogen ion con- 
centration, although the variations observed were probably greater 
than those actually occurring. Serums from normal individuals 
showed a considerable range of variation, from 7.6 to 7.9, although 
duplicate determinations on the same sample almost invariably agreed. 
Since it is quite certain that in serum the reaction normally does not 
vary to any such extent as this, the variations observed must have been 
due to the fact that varying amounts of carbon dioxid were present. 
Carbon dioxid is lost if the blood is shaken in a tube, if it is left 
exposed to the air, or if it is obtained by cupping, the usual method of 
obtaining blood from infants. The carbon dioxid content may be 
greatly increased in blood drawn from an arm vein if the tourniquet 


6. Levy, Rowntree and Marriott: Tae Arcuives Int. Mep., 1915, xvi, 389. 
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has been in place for some time previously, and especially if the fore- 
arm and hand have been exercised. I have observed values as low as 
7.2 on the serum of normal individuals when obtained from an arm 
vein, and values as high as 7.9 or 8.0 when the serum was obtained by 
cupping. 

If the blood serum, after drawing, were placed in a Barcroft tonom- 
eter or some similar device and saturated with the subject’s own 
alveolar air, more constant results might be obtained on normal indi- 
viduals. In fact it is absolutely necessary to control the carbon dioxid 
content of the serum in some such way if results of any value are to be 
obtained. Even by thus increasing the accuracy of the method, its deli- 
cacy is not increased sufficiently to detect with certainty any but the 
severest grades of acidosis. If, however, the carbon dioxid is removed 
from the plasma as completely as possible by aeration, the unneutralized 
alkali reserve remains, and this may be measured by determination of 
the hydrogen ion concentration. As aeration of the plasma presents 
obvious technical difficulties, I have first allowed the serum to dialyze 
and have then aerated the dialysate and determined its reaction. To 
refer again to the diagrams, what is determined is the reaction R instead 
of P, as in the original method. Since P shows but slight variations in 
contrast with R, the latter measurement serves as a much more delicate 
method for detection and quantitative determination of acidosis. The 
principle of the method is the same as that previously described.* How- 
ever, certain necessary changes in technic have been introduced. 

Apparatus Required: Set of tubes containing standard phosphate 
mixtures ; a solution of phenolsulphonephthalein in 0.8 per cent. sodium 
chlorid ; collodion sacks ; pipet to measure 0.5 c.c.; small test tubes for 
dialyzing and aerating ; atomizer bulb; glass tube or pipet drawn out to 
a fine capillary point; color comparison box. 


PREPARATION OF PHOSPHATE MIXTURES 


One-Fifteenth Molecular Acid Potassium Phosphate —Of the pure, 
recrystallized salt (KH,PO,), 9.078 gm. are dissolved in freshly dis- 
tilled water. Two hundred c.c. of 0.01 per cent. phenolsulphonephthal- 
ein are added and the whole made up to 1 liter with distilled water. 

One-Fifteenth Molecular Alkaline Sodium Phosphate.—The pure, 
recrystallized salt (Na,HPO,. 12 H,O) is exposed to the air for from 
ten days to two weeks, protected from dust. Ten molecules of water 
of crystallization are given off and a salt of the formula Na,HPO,. 
2H,0O is obtained. Of this salt, 11.876 gm. are dissolved in distilled 
water. Two hundred c.c. of 0.01 per cent. of phenolsulphonephthalein 
are added and the whole made up to 1 liter. The exact amount of 
indicator added is immaterial, provided the same amount of indicator 


7. Barcroft: Respiratory Function of the Blood, Cambridge, 1914. 
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is added to each of the phosphate solutions, and a corresponding 
amount is added to the salt solution, to be subsequently described. A 
small crystal of thymol is added to each solution to prevent the growth 
of molds. The solutions should be preserved in Jena or Non-sol glass 
vessels. The solutions are mixed in the proportions indicated below 
to obtain the desired pH. 


TABLE 1.—Proportions IN WuHicH PHOSPHATE SoL_uTIONS ARE MIxep 


DER. cccccce ceees bee 7.0 7.2 74 7.6 78 8.0 8.2 8.4 8.6 
Primary sodium phosphate, c.« 37 27 19 13.2 8.8 5.6 3.2 2.0 1.0 
Secondary sodium phosphate, c.« 63 73 81 86.8 1.2 04.4 96.8 98.0 99.0 


These solutions are placed in small test tubes, approximately 100 
mm. long by 8 mm. internal diameter, of glass that does not readily 
give off alkali. The tubes are stoppered or sealed off. They should be 
kept in a dark place when not in use. Under these conditions, the 
solutions retain their colors for long periods of time. 


PREPARATION OF SACKS 

One ounce of celloidon, Anthony’s negative cotton,’ is dissolved 
in 500 c.c. of a mixture of equal parts of ether and 95 per cent. alcohol 
The solution is allowed to stand for a week in order to allow impurities 
to settle out. A small test tube with a flared mouth, 50 mm. long by 6 
mm. internal diameter, is filled with the celloidon solution. This is 
slowly poured out as the tube is rotated in such a manner as to coat 
the sides evenly. The tube is clamped in the inverted position and 
allowed to drain for ten minutes, or until the odor of ether has dis- 
appeared. The tube is then filled with cold water and a knife blade 
is run around the edge of the sack, to loosen it from the glass. Water 
is then run in between the sack and tube and the sack gently loosened 
and pulled out of the tube. It is preserved by complete immersion 
in water. 

PREPARATION OF SALT SOLUTION 
Eight gm. of chemically pure sodium chlorid are dissolved in dis 


tilled water. Two hundred and twenty c.c.*° of 0.01 per cent. phenol 


8. Manufactured by the Ansco Company, Binghamton, N. Y. This contains 
30 per cent. of water and must be rinsed once or twice with alcohol before 
being dissolved. 

9. Sacks that have been dried too long become very brittle and impe rmeable 
If not dried a sufficient length of time, the sack becomes white and cloudy on 
the addition of water. 

10. The concentration of indicator in the salt solution is purposely made 
10 per cent. greater than in the phosphate mixtures, as during the dialysis a 
certain amount of indicator is lost by passing into the sack 





ae 


ie 


ri. 


oe 





| 





ss 


see tt. 3 te 


846 THE ARCHIVES OF INTERNAL MEDICINE 


sulphonephthalein solution are added and the whole made up to one 
liter with distilled water. The solution should contain no free alkali 
and no acid other than carbonic. The solution is tested by boiling a 
little of it for a minute or so in a Jena glass test tube, in order to expel 
carbonic acid."' The solution is quickly cooled under the tap and com- 
pared with the phosphate standards. Its reaction should be 7.0. Ii 
the reaction differs from this it may be corrected by the addition of a 
few drops of very dilute acid or alkali to the whole solution. The 
salt solution must be kept in a vessel of Jena or Non-sol glass, or in a 
vessel of ordinary glass that has been well paraffined on the inside. 


METHOD OF DETERMINATION 


The determination must be carried out in a room free from acid or 
ammonia fumes. Either serum, oxalated plasma or blood may be used. 
Serum is to be preferred, as the addition of oxalate, unless exactly neu- 
tral, introduces a source of error. The blood should be collected in a 
small tube and the serum separated as quickly as possible, preferably 
by centrifuging.’** Hemolysis must be avoided. 

Exactly 0.5 c.c. of serum is pipetted into one of the small collodion 
sacks, which has previously been washed inside and out with the salt 
solution.’* The sack is lowered into a small test tube, approximately 
& mm. internal diameter and 50 mm. long, containing 2 c.c. of the indi- 
cator salt solution. The level of the fluid on the outside of the sack 
should be at least as high as that on the inside. At the end of seven 
minutes the sack is removed and the dialysate transferred to a clean 
test tube 100 to 140 mm. long and having the same diameter as the 
tubes containing the phosphate standards. <A rapid current of air is 
bubbled through the solution in order to remove carbon dioxid. This 
is accomplished by means of an atomizer bulb connected with a narrow 
glass tube drawn out to a capillary point. The air current should be 
as rapid as possible without blowing liquid out of the test tube."* Blow- 


11. If boiled in a soft glass tube, alkali is given off from the glass and the 
solution is colored pink. Instead of boiling to remove carbon dioxid, the 
solution may be aerated with a current of air that has been freed from carbon 
dioxid by passing through a strong solution of sodium hydroxid. 

12. If carbon dioxid escapes from the plasma as a result of shaking or 
allowing the blood to remain exposed to the air, a passage of alkali from the 
plasma into the cells occurs with a resultant slight diminution in the alkali 
reserve of the plasma. Once the plasma or serum is separated from the cor- 
puscles, loss of carbon dioxid is without effect on the alkali reserve. 

13. In washing the sack, no part but the top edge should be touched with 
the fingers. The sack is emptied by tipping it with a clean, glass rod or with 
a microscopic slide. Sacks may be used more than once, providing they are 
thoroughly washed with salt solution after each test. 

14. Foaming rarely occurs. It may be present as a result of allowing some 
serum to spill over the outside of the sack. In case foaming is great enough 
to be troublesome, it may be prevented by adding a drop of octyl alcohol or 


toluol. 
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ing is continued for three minutes and then the color in the tube is 
compared with that in the standard phosphate tubes, interpolating 
when necessary." The reading is a measure of the reserve alkalinity, 
it is the value R referred to in Figure 1. For convenience of expres- 
sion we shall refer to this value as the “RpH” of the serum, to differen- 
tiate it from the “pH” as determined in the method previously described 
by Levy, Rowntree and Marriott. 


RESULTS OBTAINED 


Normal Individuals: The serums of a large number of normal 
adults were examined by the method described. In every instance the 
RpH was found to be 8.5 + 0.05, provided the subjects examined 
were on a general mixed diet. A normal adult’s serum drawn after a 
fast of sixteen hours gave a reading of 8.35. The serums of infants 
gave values slightly lower than those of adults. For normal infants 
under one year of age, a value of 8.3 for the RpH of the serum was not 
infrequently encountered. This may be due partly to the fact that 
infant’s blood is usually obtained by cupping ; the lower value, however, 
is more likely an evidence of the tendency towards acidosis that is 
known to be present in infants. 

This accords well with the observed fact that the carbon dioxid ten- 
sion in the alveolar air of infants’® is lower than that of adults, and 
that the combined carbon dioxid of the plasma is less’ in infants and 
that the ammonia coefficient in the urine is often higher. This slight 
acidosis might well be the result of the more active metabolism of 
infants, leading to a proportionately greater production of acids. 


ACIDOSIS 

A series of cases exhibiting clinical or laboratory evidences of 
acidosis has been studied. The cases included nephritis and diabetes 
in adults, and nephritis, recurrent and idiopathic acetonemia, and severe 
diarrheas in children. The diarrheal cases were of the type described 
by Howland and Marriott." 

The results in the column headed RpH, Table 2, represent the 
hydrogen ion concentration of the dialysate after removal of carbon 
dioxid. The results in the column headed pH are those obtained 


15. The comparison is conveniently made with a box similar to that used 
with the Sahli hemoglobinometer, but containing places for three instead of 
two tubes. It is a small flat box of blackened metal 55 by 45 by 20 mm., 
backed with opal glass and with three slits open on the front. Readings should 
be made at temperatures between 20 and 25 C. If the room temperature is 
higher or lower than those limits, the colorimeter with tubes should be immersed 
in water at 20 to 25 C. 

16. Howland and Marriott: Am. Jour. Dis. Child., 1916, xi, 309; Marriott: 
Jour. Am. Med. Assn., 1916, Ixvi, 1594. 

17. Van Slyke: Unpublished results. 
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: TABLE 2.—Decree or Aciposis 1n TweNty-FIveE CASES BY THE MopIFICATION OF THE INDI- 
‘ cator Diratysts MetHop For DETERMINATION OF THE ALKALI Reserve (RPH) 
| =—_— = a a 
7 | Alveolar 
Case Date | Age, pH | RpH CO: 
No. | Yrs. | Tension 
| | 
1* 7/21/15 45 7.6 8.2 36 Diabetes. Carbohydrate-free diet. Ammonia coeffi- 
| | | cient in urine 11.7 per cent. Acetone bodies in 
: | } blood, 67 mg. per 100 gm. 
: 2° 4/ 7/16 as | 7.5 so Cl 28 Diabetes. Low caloric diet. Ammonia coefficient in 
ti urine 20 per cent. Acetone bodies in blood 57 mg. 
it per 100 gm. 
at g* | 19/16 | 2 | «78 78 21 Chronic diffuse nephritis. Uremia. Hyperpnea. 
Drowsiness. Blood nonprotein N 189 mg. 
3 | 1/28/16 | 7.7 8.5 Alkali administered. Patient had daily doses of 
} 4 gm. sodium bicarbonate after Jan. 19, 1916. 
: | | | Hyperpnea no longer present. Plasma COs, 6 
a vols. per cent. 
4 | 
i" 4 2/10/16 43 | 7.35 | 8.2 32 Congenital polycystic kidney. Patient in fair con- 
if dition. Some nocturnal dyspnea. 
, | 
4 4 | 2/19/16 | 7.35 | 78 25 Patient very dyspneic. Vomiting. Plasma O02, 
; | } 21 vols. per cent. 
| 
. 4 | 8/ 3/16 77 | @. 3s Alkali administered daily since Feb. 19, 1916. Patient 
| | in good condition. No dyspnea. 
' | | 
53 | 3/ 1/16 41 72 | 1.36 il Pyonephrosis, double. Coma. Marked hyperpnea. 
| | Phenolsulphonephthalein 1% hours, 0. Blood ures 
f nitrogen, 198 mg. Plasma COs, 14.7 vols. per cent. 
5 | | 
: 5 3/2/16 7.55 3 | Alkali administered. Intravenous injection of 400 c.c. 
oF of 4 per cent. solution sodium carbonate six hours 
| | , 
ae | previously. Same dose ten hours previously. 
tf | | | Patient in coma. 
6* 3/14/16 25 7.4 8.0 | Chronic diffuse nephritis. Secondary anemia. Blood 
' : nonprotein nitrogen, 212 mg. Plasma ©Oz2, 40 vols. 
BY | per cent. 
D 7+ 3/14/16 36 | 70 | #%@T Chronie nephritis. Lead poisoning. Arteriosclerosis. 
| Uremia. Hyperpnea. Sellards’ test, colorless on 
1 evaporation. Plasma COs, 11 vols. per cent. 
| | | 
. | 7 3/15/16 | 76 7.9 Alkali administered. Twelve hours previously, pa- 
: | tient received 500 c.c. of sodium bicarbonate intra 
.7 venously. No deep breathing. Sellards’ test, pink 
} | | | | on evaporation. Total nonprotein nitrogen, 200 
: | | mg. Plasma OO, 28 vols. per cent. 
oF | 
{ : 3 7 3/24/16 | ' 2 7.95 “ Alkali administered. Patient given 4 gm. of sodium 
| | bicarbonate by mouth every four hours since 
i | March 15, 1916. Sellards’ test, pink color. Plasma 
H : | COs, & vols. per cent. 
| 8t 3/15/16 M4 7.45 18 Arteriosclerosis of renal vessels. Uremia, Hyperp- 
" | | nea. Coma. Sellards’ test, colorless. Plasma 
: COs, 19 vols. per cent. Phenolsulphonephthalein, 
: | 3 per cent. in two ours. 
f : ot 3/15/16 | © | 7.6 if Chronic diffuse nephritis. Uremia. Drowsiness. 
; : | Sellards’ test, pink on evaporation. Phenolsul 
: 5 | | | phonephthalein, 2% hours, 0. Hyperpnea. Plasma 
| COs, 34 vols. per cent. 
10° 3/17/16 | 39 74 i. : | Secondarily contracted kidney. Uremia, Hyperpnea. 
, lit 4/6/16 | 3 | 735 | 178 . Acute and chronic nephritis. Hyperpnea. Edema. 
d 12 6/27/15 | 6 | 72 78 Idiopathic acetonemia. Marked hyperpnea Ace- 
: | | tone bodies in blood, 26 mg. 
- 
. ‘ 
} 
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TABLE 2.—Decree or Actposis IN TWENTY-FIVE CASES BY THE MODIFICATION OF THE INDI- 
catorR Dratysts MetHop For DETERMINATION OF THE 
ALKALI Reserve (ReH )—( Continued ) 


Alveolar 


24.7 mg. 


Case Date Age, pH RpH co 

No Yrs. Tension 

12 6/28/15 7 84 . Alkali administration Twenty gm. sodium bicar 
bonate by mouth, 6 gm. by rectum Patient in 
good condition, breathing normally. 

1: 16 7 7.75 ( Recurrent acetonuria Coma Marked hyperpnea. 
Acetone bodies in blood, 136 mg 

1 1/ 9/1¢ r 8.3 Alakli administered Four and a half gm. sodium 
bicarbonate given intravenously three hours pre 
viously. 

1 1/10/16 7.5 8.1 Alkali administered Patient received 4 gm. sodiur 
bicarbonate by mouth in past 24 hours. Recur 
rence of coma with hyperpnea 

14 1/14/16 : 7.5 8.2 Recurrent acetonemia Vomiting, drowsiness. Ace- 
tone bodies in blood, 84 mg. 

15 2/ 8/16 7.4 7.8 20 Idiopathic acetonemia Hyperpnea. Drowsiness. 
Acetone bodies in the blood, 88 mg 

l¢ 6/16 10 mo 7.4 73 24 Diarrhea. Vomiting. Acetonemia. Hyperpnea. Ace- 
tone bodies in blood, 69 mg Plasma ©Os, 37 
vols. per cent. 

16 6/16 7.9 8.6 a Alkali administered. Two hundred c.c. 2 per cent. 
| sodium bicarbonate subcutaneously followed by 
| 2 gm. sodium bicarbonate by mouth every two 
| hours for ten hours preceding. 

17 6/15/15 1 7.65 8.15 | Ileocolitis. Acetonemia. 

| | 
| | 

18 6/ 6/15 7 mo 7.75 8.15 | 30 Diarrhea. Acetone bodies in blood, 35 mg. 

1 7/18/15 6 mo 2 i WT 25 Severe diarrhea. Hyperpnea Sellards’ test color- 
| less on evaporation. Acetone bodies in blood, 

21 mg. 

20 7/29/15 1 ma 5 Ww | Severe diarrhea. Hyperpnea. 

21 7/31/15 1 7.5 8.15 | 34 Diarrhea. Acetone bodies in the blood, 23 mg. 
| 

22 8/ 5/15 8 mo. 7.2 7.55 | 14 Diarrhea. Hyperpnea. Acetone bodies in blood, 
| 19 mg. Hb. dissociation curve (Barcroft), 17.8 per 
cent. saturation at 17 mm. 

. ; 

23 7/20/15 7 mo 7.25 | 17.45 Diarrhea. Marked hyperpnea. Acetone bodies in 
blood, 22 mg. Hb. dissociation curve (Barcroft), 

| | 13 per cent. saturation at 17 mm. 

24 3/17/16 2 75 | 78 24 Diarrhea. Hyperpnea 

| | 

25 4/ 6/16 2 mo 7.05 7.55 | 18 Diarrhea. Hyperpnea. Acetone bodies in the blood, 

| | 


* I am indebted to Drs. T. C. Janeway and H. O. Mosenthal for permission to study these cases occur- 
ring in their service at the Johns Hopkins Hospital. 

+I am indebted to Drs. T. R. Boggs and T. P. Sprunt for permission to study these cases occurring 
in their service at the City Hospital. 

t I am indebted to Dr. N. M. Keith for permission to study this case occurring in his service at the 
Brady Urological Institute. 

$ I am indebted to Dr. L. F. Barker for permission to study this case, which occurred in his service at 


the Johns Hopkins Hospital 
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according to the method of Levy, Rowntree and Marriott, as originally 
described and without removal of carbon dioxid. 

In all the cases of acidosis studied the RpH of the serum showed 
deviations from the normal. The more severe the acidosis, as indicated 
clinically or by various laboratory methods, the lower were the figures 
obtained for the RpH. Especially striking was the parallelism between 
alveolar carbon dioxid tension and the RpH. The accompanying curve 
illustrates graphically the relation.** The two values should corre- 
spond, as explained above, provided the respiratory center does not 
vary in its excitability and the pulmonary epithelium is not damaged in 
such a way as to prevent equilibrium being attained between the air in 
the pulmonary alveoli and the blood in the pulmonary capillaries. Thus 
a hyperexcitable respiratory center should lead to a low alveolar carbon 
dioxid tension, with a coincident normal alkali reserve. A diminished 
permeability of the pulmonary epithelium would result in a lowering 
of carbon dioxid tension in the alveolar air, but not necessarily to a 
diminution in the alkali reserve of the plasma. 

In a number of instances the combined carbon dioxid of the plasma 
was determined according to the method described by Van Slyke."” 
The results obtained were in a general way proportional to the RpH 
of the serum. The effect of alkali therapy in replenishing the alkali 
reserve is shown in the results obtained on cases 3, 4, 5, 7, 12, 13 and 
16. The RpH invariably shows an increase following administration of 
alkalies, but does not necessarily reach its normal value. It is in con- 
nection with the alkali therapy that we have found the method of 
especial value, as it gives information as to the probable amount of 
alkali needed to replenish the reserve. A determination following the 
administration of alkali shows whether the amount has been sufficient. 


INTERPRETATION OF RESULTS 


The values obtained for the RpH of the serum may, in the light 
of our experience, be interpreted as follows: 

Values for the RpH of from 8.4 to 8.55 correspond to alveolar 
carbon dioxid tensions of from 38 to 45 mm., and are to be considered 
as normal values for adults. Values between 8.0 and 8.3 correspond 
to alveolar carbon dioxid tensions of from 28 to 35 mm. and indicate a 
moderate degree of acidosis. 

When the value for RpH is as low as 7.7, corresponding to an 
alveolar carbon dioxid tension of 20 mm., the individual is in immi- 
nent danger. During coma, an RpH as low as 7.3 corresponding to an 


18. Alveolar air was collected by the Plesch-Higgins method and analyzed 
either by means of the Haldane apparatus or by the colorimetric method 
(Marriott: Jour. Am. Med. Assn., 1916, Ixvi, 1594). 

19. Van Slyke: Proc. Soc. Exper. Biol. and Med., 1915, xii, 165. 
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alveolar air of 11 mm., has been observed. In infants under 1 year 
of age a value for RpH of 8.3, corresponding to 35 mm. tension in the 
alveolar air, is not to be considered abnormal. 

It has been our experience in general, in this clinic, that unless the 
RpH of the serum is below 7.9, the acidosis may be successfully com- 
hated by dietetic regulation or by the administration of alkali by 
mouth. When the RpH of the serum falls below 7.9, intravenous 
administration of alkali is usually indicated. 


SUMMARY 


Acidosis implies a diminution of the alkali reserve of the blood 
plasma, though not necessarily a change in its hydrogen ion concen- 
tration. 

A simple and rapid method for the measurement of the alkali 
reserve is described. It is a modification of the indicator dialysis 
method for the determination of hydrogen ion concentration, but is 
more accurate and gives more information than that method.*° 

The method serves for the detection and accurate quantitative esti- 
mation of the degree of acidosis. 

The results obtained on twenty-five cases of acidosis are reported. 








20. Standardized phosphate mixtures sealed in tubes, the color comparison 
box, tubes and accessories used in the method may be obtained from Hynson, 
Westcott & Company, Baltimore. 








BOOK REVIEWS 


Diseases or THE Dicestive OrGANS witH SpeciAL RerereENCE TO THEIR Drac- 
NOSIS AND TREATMENT. By Cuartes D. Aaron, Sc.D., M.D., Professor of 
Gastro-Enterology in the Detroit College of Medicine and Surgery. Cloth. 
Price, $6 net. Pp. 790, with 202 illustrations. Philadelphia: Lea and 
Febiger, 1915. 

In contrast with Professor Mendel’s book, which contains an extraordinary 
amount of things new and true in small compass, Dr. Aaron’s book succeeds 
in spreading out a mass of misinformation over 750 large pages, in one of 
the most unsatisfactory books that has come to the reviewer's attention for a 
long time. In the first place, its utterly uncritical laboratory methods and 
methods of diagnosis are shoveled in wholesale, without any choice between 
the valuable and valueless. On its clinical side it is equally unsatisfactory. 
The account of gastric ulcer, for example, contains within the first five lines 
the following statements: “The symptoms of gastric ulcer are at first ill defined, 
resembling those of gastritis. The discomfort is soon followed by nausea and 
regurgitation or vomiting. A boring pain is characteristic of gastric and 
duodenal ulcer; it always comes on within an hour after eating.” According 
to the reviewer’s experience, not one of these symptoms is even approximately 
true. The author goes on to say that it is strictiy necessary to prohibit the 
patient from all manipulations of the epigastric region, as well as from all 
pressure produced by dress or work. It is hard to imagine anything whereby 
useless apprehension and worry could be more easily produced in the patient 
than by this statement. He recites a number of meats, “permissible for gastric 
patients.” These are beef, veal, lean pork, hare, deer, fowl, squab, partridge, 
pheasant. Apparently, lamb is fatal, since it is nowhere mentioned. 

Under his therapeutics he states that in cases of acute intestinal or gastro- 
intestinal catarrh, opium in some form is always indicated. In discussing ner- 
vous eructations he says: “The air which is belched up has gained entrance 
to the stomach by some means, though it is rare that atmospheric air is directly 
aspirated by the stomach.” To anyone who has watched with the fluoroscope 
while the air sucked into the stomach comes rushing down the esophagus and 
then is expelled again, this statement must be surprising. 

Four pages are devoted to gastralgia, described as a condition peculiar to 
individuals of nervous temperament. Although he says that diagnosis is made 
by excluding organic diseases of the stomach and intestines and the more 
remote viscera, he also says in the same paragraph that among the recognized 
causes of gastralgia are syphilis, gallstones and chronic appendicitis. The 
meaning of the last statement cancels that of the first. 

Rectal feeding is cordially recommended, and among the foods mentioned 
as valuable for this purpose are eggs, meat, butter and wheat flour. He seems 
totally oblivious of the fact that modern investigations have shown that little 
or no absorption of any of these foods occurs in the rectum. 

Among the predisposing causes of gastric ulcer he mentions achylia gastrica. 
Scirrhous carcinoma, he says, is made up of an abundance of connective tissue. 

In his account of liver abscess he says: “The facial expression is one of 
suffering. The eyes are sunken and the conjunctivae have a mother-of-pearl- 
like luster. The high position of the diaphragm often gives rise to dyspnea.” 
No considerable clinical experience would have taught him that none of these 
things is true in the majority of cases of liver abscess. 

Under discussion of tapeworms he says that nasal and anal pruritus is 
common in cases of infection with most tapeworms, but rarely seen with 
Hymenolepis nana. Here we seem to have reminiscence of the old wives’ 
legend that a child who scratches his nose has worms. 
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f eosinophilia as a 


Under the account of trichiniasis there is no mention « 
diagnostic sign. The difficulties and dangers of esophagoscopy are not in any 
way hinted at. In fact he says the procedure involves practically no danger. 

As far as the present reviewer can see, one would have no need to be a 
doctor to write such a book. Clinical experience is hardly visible anywhere. 
Any one who knew the works of Ewald, Boas or Einhorn could have written 
the book. The multiplicity of such treatises is one of the worst signs of 
modern medicine. 


CHANGES IN THE Foop Suppty AND THEIR RELATION TO NUTRITION. by 
Larayette B. Menvet, Professor of Physiologic Chemistry in the Sheffield 
Scientific School of Yale University. Cloth. Price, 50 cents. Pp. 61. New 
Haven: Yale University Press, 1916. 

Yale University Press is to be congratulated upon two remarkable little 
books, each containing multum in parvo—Prof. Graham Lusk’s, “The Funda- 
mental Basis of Nutrition,” and the little book now under review, Prof. L. B. 
Mendel’s “Changes in the Food Supply and Their Relation to Nutrition.” 

Professor Mendel starts with Sir William Crookes’ forecast made in 1898, 
to the effect that by 1931 we should have reached the limit of wheat production 
upon the earth, while the population would presumably be still increasing; 
and this Sir William regarded as a most ominous prediction, as he regarded 
wheat as “the most sustaining food grain of the great Caucasian race.” Pro- 
fessor Mendel agrees that this estimation as to wheat acreage is probably 
correct, but that in the first place the yield by acre would be increased and 
that, moreover, any alarm in relation to wheat acreage fails to take into 
consideration the altered prospects arising out of modern increase of knowledge 
of the science of nutrition. Wheat shortage does not mean food shortage, 
for new grains are coming in. One of these is the proso millet, another, grain 
sorghum, or kaoliang, both long known as constituents of the diet of mankind 
and especially valuable because they are drought-resistant and will grow where 
the staple small grains requiring moisture fail. Both of them have been 
tested, in a semi-public way, as foods, by Hansen of the South Dakota Agri- 
cultural Experiment Station. Cotton seed flour is also clamoring for recognition. 
Professor Mendel points out, further, that cold storage, in its recent develop- 
ments, has a most important bearing on the food supply. Fresh fish, when 
frozen, can be preserved without undergoing any important change for at least 
two years. Desiccated milk preserves all its nutritive features so that several 
investigators, including Professor Mendel himself, have raised small animals 
into a second generation, with dried milk as the chief component of their 
ration. He points out also the use of waste products, such as cotton seed oil, 
oleo oils from beef, slaughter house blood, corn syrups and old butter suc- 
cessfully renovated. It is conceivable also that cellulose might be converted 
into available carbohydrate by chemical procedures. 

Increasing use of nuts, as in popular peanut butter, figures as one of the 
so-called substitutes for meat, though, as he points out, it could be more truly 
said from an evolution point of view, that meat is a substitute for nuts. 

Another important section of the book deals with changes of fashion in 
diet. Because the more well-to-do classes have for some time been in the 
habit of eating a great deal of meat, dietary fashions are imitated by others, 
not because they need the meat, but because it is a matter of pride for them 
to follow as best they can the more well-to-do classes in their diet. 

The use of fresh fruits, he says, has been enormously extended in the last 
twenty years in the temperate zones. Since 1840 the value of the orchard 
products in the United States increased from $8,000,000 to $140,000,000. Both 
with fruits and with cereals, advertising is now successful in changing our 
habits away from the excessive use of meat. Breakfast foods and bakers’ 
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bread are being produced upon a scale never equaled before. Bread-making 
is becoming a factory problem. The use of butter, cheese, nuts, candy, green 
vegetables, such as peas and asparagus, is now increasing. 

All of these changes are in the right direction and against the senseless 
imitation of the plutocratic diet. The grape juice industry has grown by leaps 
and bounds, so that Secretary Daniels’ grape juice is inevitable to become one 
of the national drinks. 

Professor Mendel suggests that the enormous percentage of waste in the 
apple crop (nearly 25 per cent.) may be transformed by new methods into 
apple syrup and fresh cider. 

Another influence making against the excessive meat diet is the dairy lunch 
room innovation. The dairy lunch room is not as cheap as the old home 
dinner pail and lunch basket, but contains a larger proportion of cereal in 
a more inviting form. 

The present European war, he thinks, will tend in the same direction. The 
regimen of South German households is being gradually substituted for the 
excessive meat diet of the northern provinces. Variety of food and the use 
of fish, rather than artificially preserved foods, are still of great importance 
because of the danger that we shall lose the accessory diet factors or vitamins 
in the processes of preservation or manufacture. 

I have been able to suggest only some of the most important features of 
this most interesting book, which should be read from cover to cover by all 
who are concerned with the problem of nutrition. 
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CLINICAL CALORIMETRY 
NINTH PAPER 


FURTHER MEASUREMENTS OF THE SURFACE AREA OF 
ADULTS AND CHILDREN * 


MARGARET SAWYER, B.S. 
IOWA CITY, IOWA 


RICHARD H. STONE anp EUGENE F. Du BOIS, M.D. 
NEW YORK 


In paper 5* of this series a method was described by means of 
which it was possible to determine the surface area of living subjects. 
On the basis of the measurements of five persons of widely varying 
body shapes, a formula was devised by Mr. Delafield Du Bois which 
gave an average error of only 1.7 per cent. when applied to the persons 
measured. The number of subjects was rather small and it has seemed 
best to continue the work and apply the formula to persons of unusual 
shapes. 

Since the publication of the previous paper, in which the literature 
was reviewed, a number of references have come to light largely 
through the attention of Dr. Francis G. Benedict of the Nutrition 
Laboratory of Boston. The work of Sicheff? is of considerable impor- 
tance. Working in Gundobin’s clinic he applied the methods used by 
Meeh to twenty-four children from the ages of 1 day to 15 years, and 
to one adult. He found the surface area proportional to the two third 
power of the weight, but the average constant by which this should be 
multiplied is 10.7, according to his figures, instead of Meeh’s figure 
of 11.9. In the case of the adult the constant would be 8.8, which 
is at such variance with the results of other investigators that it would 
seem as if some error must have crept into the calculations in this one 
case. 





* Submitted for publication Feb. 4, 1916. 

*From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital. 

1. Paper 5, Clinical Calorimetry, Tue ArcHives Int. Mep.. 1915, xv, 868. 

2. Sicheff (Ssytscheff). A. I.: Measurement of the Volume and the Surface 
of the Body of Children According to Age, Inaug. Dissert., Petrograd, 1902. 
The tables are given in Gundobin, Die Besonderheiten des Kindesalters, Berlin. 
1912. We are indebted to Dr. Benedict for permission to consult the transla- 
tion of the original article in the Nutrition Laboratory. 
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Variot and Saint Albin* have measured the surface of a number 
of children using pieces of tin foil, and Maurel* has worked out the 
relationship of the thorax dimension to surface area. Letulle and 
Pompilian® in 1906 used a method of determining surface area some- 
what similar to the formula adopted by D. Du Bois nine years later. 
They consider that the surface of the body consists of a number of 
trapezoids, one covering the upper arm, one the forearm, one the hand, 
one for each finger, etc. They calculate the area of each trapezoid 
from the length of the part and the circumference at the two borders 
which form the sides of the figure. The errors inherent in this method 
become evident when one looks at the factors used in the “Linear 
Formula” of D. Du Bois. It is necessary to correct the average length 
and breadth of each part by a factor to obtain the true surface. 
Lassabliere*® measured the surface of a large number of children by 
marking out the skin in geometrical patterns and determining the area 
by means of a perimeter. He found the skin area proportional to 
10.5 Wt.? or to 0.92 Ht.? or to 2.3 Perim.*, Wt. being the kilograms 
of body weight, Ht. the height in centimeters and Perim. the circum- 
ference of the thorax at the level of the nipples. 


INDIVIDUALS MEASURED 


Anna M.—This was the cadaver of a child 21 months old, weighed and 
measured about two hours after death. The subject was small for her age 
and had suffered from rachitis, the epiphyses at the wrists were large and the 
thorax was pigeon-breasted, being narrow and very deep anteroposteriorly. The 
child had pertussis and developed a fatal pneumonia. 

Fabian R. S., aged 12 years, 10 months, an unusually well formed boy with 
no signs of puberty as yet. He was muscular and rather short for his age. He 
served as the subject for one of the calorimeter experiments described in 
Paper 12. 

Gerald S., 18 years old, tall and much emaciated. He was a diabetes patient 
and a complete description of his case is to be found in Paper 17. He was 
given the Allen fasting treatment from November 11 to 19, and the measure- 
ments were taken December 1 after he had been on a maintenance diet for about 
a week. His weight at one time dropped to 38.7 kg., but increased to 45.25 kg. 
as a result of food ingestion, and also on account of an invisible edema. 


ERROR IN PREVIOUS PAPER 

A brief preliminary note about the measurements of Gerald S. was given 
at the end of Paper 5' of this series. The discrepancy between the calculated 
3. Variot and Saint Albin: La mensuration de l’aitre cutanée des jeunes 
enfants par l’enveloppement avec des feulles d’etain, Bull. Soc. de pediat. de 
Paris, 1903, v, 307. 

4. Maurel, E.: Adaption de la section thoracique a la surface cutanée par 
rapport an poids, depuis la maissance jusqu’a l’'age adult, Compt. rend. Soc. 
de biol., 1904, Ivi, 980. 

5. Letulle and Pompilian: Methode de recherche applicable a l'étude de la 
nutrition, Rev. Soc. scient. d’hyg. aliment., 1906, iii, 708. 

6. Lassabliere, P.: Evaluation de la surface cutanée chez le jenne enfant, 
Compt rend. Soc. de biol., 1910, 339. 
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and measured areas of the thorax was so much greater than in any other case 
that an error was suspected. It became apparent that the recorded length of 
the thorax was 10 cm. too short. This measurement L. had been determined 
by subtracting the distance from foot to upper border of the pubes from III, 
the distance from foot to suprasternal notch. The recorded measurements in 
the case of Gerald S. from the sole of the foot were as follows: “To supra- 
sternal notch, 134.5 cm.”; to outer end of clavicle, 145.8; to upper border of 
axilla, 136.2; to tip of ensiform, 125.0; to the nipples, 134.3; height, 171.8. It 
was evident that the suprasternal notch must have been more than 0.2 cm. 
above the nipples. To find its correct position the measurements of the five 
subjects whose shape was nearest to that of Gerald S. were tabulated and the 
average percentage of the height shared by the distance between suprasternal 


TABLE 2.—MEASUREMENTS Not Usep IN FoRMULA 


Anna Fabian Gerald (Emma W. R. H.S 
M. | 8. 8. May 3 June 18 








I—Weight, Kg. secevenecescodeoesaeees 6.27 $2.74 45.25 57.62 63.00 
| Cm Cm Cm. Om Cm. 
Il—Height or length 73.2 141.5 171.8 164.8 184.2 
IlI—Sole of foot to suprasternal notch | 54.8 114.7 144.5 135.7 152.2 
I1V—Sole of foot to nipples.. 4 107.0 134.3 123.9 140.2 
V—Sole of foot to upper border of 
PEED encencedeesscodsnccepgesoces 53.2 | 10058 136.2 127.9 145.8 
VI—Sole of foot to ‘tip of ensiform....| 45.6 | 1002 125.0 117.5 129.8 
VII—Sole of foot to superior border of 
great trochanter ..... 20.2 73.7 93.0 88.5 108.1 
VIIIT—Sole of foot to perineum.. 26.6 64.2 86.0 76.4 92.1 
IX—Cireumference of thorax at tip of | 
 _—E eee | 41.2 | 65.0 | 76.5 74.0 78.8 
X—Tip of second finger to upper bor- | | 
der of axilla.... : — | 67.5 | 
XI—Tip of second finger to tip of | | | 
olecranon .... ‘ 136 | 37.9 | 46.9 43.3 51.9 
XII—Tip of second finger to metacarpo- | | | | 
phalangeal joint ..............-. 49 | 98 | 08 | 01 | 123 
XIII—Tip of olecranon to lower border | | 
Of FAMIUB ....... 2.6. c eee eeeeeeeeee 9.8 22.3 28.0 2.0 | 31.5 
XIV—Tip of olecranon to acromion proc- | 
Slt aeduadbuttebhensessesignecshees | 180 | 20 | 87.5 $28 | 87.7 
XV—Cireumference of arm at insertion | | 
GE GURNEE ccccccccesesccssescces | 10.4 19.4 =| 13.7 | 2.0 | 25.6 
XVI — of arm at belly of | | 
DE. eanseousmeseneeeenpeniabenes | 0.6 | 19.1 | 13.3 | 23.8 25.1 
XVII—Cireumference “of thigh half way 
between anterior superior spine | | 
of ilium and lower border of | 
ee ea 17,8 39.2 | 87.6 52.2 47.0 
XVIII—Largest circumference of calf...... 13.0 26.6 27.2 =| 35.0 | $1.0 
XIX—Cireumference of foot at heel...... 11.9 26.5 | 90.2 | 29.7 81.5 
XX—From back of neck around supe- | | | 
TP TEED secansicsectecsced 20 | @8 | of | @e!l @# 
XXI—Around neck just below larynx....| 17.5 | 29.0 30.8 $3.5 | 36.5 
XXII—Around shoulders at level of heads | 
ff een er, 39.8 73.5 aT4 91.0 108.6 


notch and various neighboring parts was calculated. The projected location of 
the suprasternal notch in Gerald’s case according to three different methods 
was 145.6, 142.4 and 144.2. The measurement 144.5 was adopted since it seemed 
probable that the error had consisted in recording a 3 instead of a 4. Unfor- 
tunately the subject had died before the error was suspected and could not be 
measured again. 

Emma W., 26 years old, a sculptor’s model. She was well proportioned, 
slightly above the average height and was neither fat nor thin. She had always 
been athletic and her muscles were well developed. 

R. H. S., 21% years old. An unusually tall and thin man who had lost 
about 5 pounds during the past year. For three days before his first measure- 
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ment an attempt was made to reduce his weight still further. He was kept 
for two days on a diet low in carbohydrates and salt. On the morning he 
was measured he took a light breakfast and played tennis for one and one 
half hours, drinking no water after the exercise. 

Robert L., 43 years old. Five years previously he had lost both legs in a 
railroad accident. The right limb was cut off 50.5 cm. below the superior 
border of the great trochanter, the left 25.5 cm. below the same point. Both 
stumps were atrophied from disuse. His face, trunk and arms were fat. 

Harry J., 34 years old, colored, usually called “Rubber tires” from the 
wheels on which he propelled himself with the velocity of a bicycle. His legs 
had been cut off in a railroad accident when he was only 6 years old. As a 
result of his deformity he had developed a form which reminded one of a 
hermit crab. The shoulders and arms were very large and powerful, the hips 
were those of an undeveloped boy, the stumps were atrophic. The left leg 
was cut off at the knee, the right about half way up the thigh. Six years pre- 
vious to examination he had a stroke of apoplexy and the right side of the 
body was paralyzed, but was now spastic with some power of movement. As 
a result of this he propelled himself on his wheels and lifted himself about 
entirely with his left arm, which was unusually strong. He had no superfluous 
fat on his body. 


METHODS USED 


The area of the molds was determined by the method of printing 
on photographic paper and weighing described in Paper 5. In some 
of the cases, however, the molds were made by new methods, although 
the paper strip method previously described proved the most accurate 
and was used in all cases except when specifically noted. The cadaver 
of the baby, Anna M., was dressed in tight fitting clothing and melted 
paraffin applied to the whole surface. In the case of Fabian S. the 
tight fitting underclothing was covered with strips of surgeons’ adhesive 
plaster and over this melted paraffin was painted. This same method 
was used in the first mold of Emma W. on May 3. It was noted 
that in both these cases it was comparatively easy to cut the mold 
open, while with the paper strip method it was hard to get even small 
probe-pointed scissors between the mold and the skin. This led to the 
suspicion that the adhesive plaster stretched, so the measurement of 
four of the parts was repeated with Emma W. Molds of the arm 
and leg were taken by the paper strip method on May 13, and of the 
trunk and thigh on May 17, measurements of the parts being made on 
the same day. The weight on May 3 was 58.09 kg.; on May 13 57.22; 
on May 17, 57.62 kg. It will be seen in Table 3 that the paper method 
results were 6.5 per cent. smaller for the arms, 8.6 per cent. smaller 
for the thighs, 4.5 per cent. smaller for the legs and 1.6 per cent. 
larger for the trunk. When the totals for the four parts are com- 
pared, the paper results are 3.3 per cent. lower, and it may be concluded 
that the data obtained by the adhesive plaster method in the case of 
Fabian S. are about 3.3 per cent. too high and therefore should be 
excluded from the averages. 
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In all of these subjects the left upper and lower extremities were 
not included in the molds or in the measurements. In the case of 
Harry J., molds were made of the trunk and thighs alone, and with 
Robert L. the mold of the head was omitted. 

The measurements were made in the manner described in the pre- 
vious paper and the same letters and numbers applied to them. In 
the previous work the measurement F was obtained by adding XIII 
and XIV, the distance from the tip of the olecranon to the lower 
border of the radius and from the olecranon to the outer end of the 
clavicle. These measurements had been made with the arm bent and 
their sum averages 9.5 per cent. larger than the measurement from 
acromial process to lower border of the radius with the arm straight. 
Therefore, in using the formula the measurements should be made with 
the arm bent or else the factor 0.611 used instead of 0.558. 








TABLE 3.—Comparison or AREAS OF Parts or Bopy as— 
| 
Head Arms Hands 
meme Mea- | Por- | Error, | Mea For- | Error, | Mea For- | Error, 
sured mula % } sured mula % sured mula % 
| 
- —— al 7 — 
' 
Anna M... 610 665 +9 | ine 4 17 14 166 3 
F. BR. S.* (1087)* 1081 (—0.5) | (1620 1478 ( ) 6K 623 — 3 
Gerald 8 950 978 +3 152 2047 5 S7¢ 875 — 0 
Emma W.*.. (1079) 1091 (+1) 2132 (—11) ad 688 —15 
MED We cocecceccccscsecce] esosee | cece | sesees 225 2145 > 
R. H. 8. 1208 1197 —1 778 2584 7 &Y 00 +1 
SIN TEN thsttanesdeconsecctel  seanee SHS | ccccee 2672 31 —14 156 878 . 
Harry J... R06 | ccccce BD | ccccss 
| 
* Measured by adhesive plaster method; results average 3.3 per cent. too high. 
ACCURACY OF METHOD 


In order to give the method of measurement of the surface area a 
severe test, molds were made of a bowling ball, a perfect sphere with 
an average diameter of 21.78 cm. and a calculated surface of 0.1490 
square meters. The first mold was made by covering the ball with 
two layers of surgeon’s gauze, pasting strips of paper over this, cutting 
off the mold and coating the inside with paraffin. The area of this mold 
was found to be 0.1566 square meters, or 5.1 per cent. too large. A 
second mold was made with greater care. Only one thickness of gauze 


was used and this was drawn over the ball like a bag, the excess being 





trimmed off. 
omitted. 


The paper strips were pasted very tight and the paraffin 
The area of the second mold was 0.1488 square meters, or 
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0.13 per cent. lower than the theoretical surface area. This shows 
that the method is accurate if the paper be applied very tightly in the 
manner always used by us, but that if the strips be applied at all loosely, 
or if a material such as adhesive plaster be used, there may be a plus 
error of 3 to 5 per cent. 

One criticism of the linear formula which has been made is that 
it would be difficult for two observers to obtain concordant results on 
the same individual. To test this point a man 182.8 cm. tall, weighing 
87.08 kg., was measured by two of the staff independently and the sur- 
face calculated according to the “Linear Formula.” The first result 
was 2.0733 square meters, the second 2.0798, the difference being 
0.3 per cent. Another subject was measured independently by two 
physicians, one of whom had never seen the method applied, and the 
results agreed within 0.5 per cent. This is probably closer agreement 


ACTUALLY MEASURED AND AS CALCULATED FROM FoRMULAS 


Mea 


sured 


Trunk Thighs Legs Feet 
For Error, Mea- For- Error, Mea For Error, Mea For- Error, 
mula sured mula % sured mula sured mula % 
1347 1 478 488 + 2 4 18 7 16 205 } 
vs ( ) (2166)* 2130 (— 2) (1456)* 1407 ( 3 ( 834)* SUS ( 
165 + 3 3002 2677 11 1876 2144 +14 1042 1055 +1 
48 ( 1 (3608)* S424 ( i) (2392) * 2030 (—1l (1084) * 10382 ( 
3324 448 4 2288 07 4 
807 -3 3155 3457 +9 2634 2587 2 1251 1301 +4 
7701 +12 1755 1781 +1 
6130 —7 \ 704 Right 
i i196 Left 


than would often be found, since measurements of the same part made 
by one man sometimes differ by 5 per cent. There is no factor except 
a difference in the tension of the tape which would throw the error in 


one direction more often than the other. 


DISCUSSION OF RESULTS 


Tables 1 and 2 give the linear measurements, and Tables 3 and 4 
the results of the determinations of the surface area. The individual 
parts show a somewhat greater divergence between the area as deter- 
mined by formula and as actually measured than in the former paper, 
but this was to be expected. The total results are all that could be 


desired. In the cases of Gerald S. and R. H. S. the errors in the 
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formula are 0.3 and 0.1 per cent, respectively. With Anna M. and with 
Emma W. as measured by the paper method, — 2.9 and — 2.0 per cent. 
The average error for these four subjects is 1.3 per cent. Fabian S. 
shows an apparent error of 3.5 per cent. when measured by the adhesive 
plaster method. This would be reduced to —0.2 per cent if we made 
the correction for the average plus error of 3.3 per cent. in the adhesive 


method. 
TABLE 4.—Sum Mary 
Cor- 
Surface Area Surface rect 
- seins — Area, Oon- 
Name Linear Error, Meeh'’s Error, stant Age, Weight, Height, 
Mea For % For- % Meeh's Yrs. Kg Om. 
sured mula mula For 
mula 
Anna M.. - 0.3609 0.3502 —2.9 0.405" + 9.3 10.9 2 6.27 73.2 
Py. B.S. . seve (1.1868)* 1.1455 (—8.5) 1.260 (+ 6.2) (11.6) 12 32.74 141.5 
Gerald S. ......... 1.4901 1.4941 +0.3 1.568 + 49 11.7 17 45.25 171.8 
Emma W.. (1.6897) 1.5874 (—6.0) eeece oe oe0e 26 
Emma W.... : 1.6451 1.6128 2.0 1.837 +11.6 11.0 26 57.62 164.8 
R. H. 8. . ccoccce, S.eeue 1.7995 +0.1 1.949 + 84 11.4 21 63.00 184.2 
Robert L. . ~+| 1.4299 1.4692 +2.7 1.960 +37.0 onus : 68.81 
Harry J. ... = - 1.3064 —_—— 1.800 +38.0 case - 55.92 
* Constant used for Meeh’s formula for the baby — 11.9, for adults 12.3. 


+ Measured by adhesive plaster method; results average 8.3 per cent. too high. 
SUMMARY AND CONCLUSIONS 


The so-called “Linear Formula” for the estimation of the surface 
area has been satisfactorily tested on four new subjects of varying size 
and shape. In addition, partial measurements of two legless men have 
been made. The average error in the formula when applied to the 
four subjects was 1.3 per cent. Two of the subjects were children and 
in these cases the error in the formula was under 3 per cent. Since 
the youngest was about 2 years old it does not seem advisable to use 
the formula for babies under this age until the factors have been tested 
by the measurements of infants. 


for their aid in making the molds and measuring the subjects. 
477 First Avenue. 














CLINICAL CALORIMETRY 
TENTH PAPER 


A FORMULA TO ESTIMATE THE APPROXIMATE SURFACE 
AREA IF HEIGHT AND WEIGHT BE KNOWN* 


DELAFIELD Dv BOIS, B.S. 
BURLINGTON, VT. 
AND 
EUGENE F. Dv BOIS, M.D. 


NEW YORK 


Since the publication of Paper 5 of this series the so-called “Linear 
Formula” has been used in the study of a large number of individuals. 
Practica'y all of the subjects of respiration experiments in the Sage 
calorimeter tiave been measured in this way, and in addition Means’ 
of Boston has used it as a factor in determining his normal base line of 
metabolism and tne extent of the pathological variations. Means has 
found that the range of normal variation from the average is smaller 
and that the apparent depression of metabolism in obesity is much less 
marked when the linear formula, instead of Meeh’s formula, is used 
to determine surface area. 

The accuracy of the linear formula has been shown in Paper 9 of 
this series. In order to correct the slight error in the factor for the 
arms, and also in order to clear up a few points in the measurements 
which may cause confusion, it seems best to repeat the formula and 
show the bony landmarks by diagram (Fig. 1). Some difficulty has 
been experienced in locating the superior border of the great trochanter 
in fat subjects. This landmark is the starting point of the measure- 
ment “O” which represents the length of the thighs. If we employ 
another factor we can use the new measurement “W,” the distance 
from lower border of the patella to the upper border of the pubes, a 
point already located in the measurement “L.” In taking this measure- 
ment, however, one must be careful to have the legs straight and the 
knees, heels and great toes touching. It is better to take all measure- 
ments from a footboard with the subject lying down,? determining dis- 
tance from soles of feet to lower border of patella, to upper border of 


* Submitted for publication Feb. 4, 1916. 

* From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital. 

1. Means, J. H.: Studies of the Basal Metabolism in Obesity and Pituitary 
Disease, Jour. Med. Research, 1915, xxxii, 121; Basal Metabolism and Body 
Surface, Jour. Biol. Chem., 1915, xxi, 263. 

2. This is especially important with obsese patients. 
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pubes, to suprasternal notch and to top of the head. In Table 1 
a comparison is made of the old and new formulas for determining 
the surface of the thighs. It is seen that the average error is the same 

In the literature of the work on respiratory metabolism it has been 
customary to give only the age, weight and height. If, therefore, we 








Fig. 1.—Measurements used in “Linear Formula.” 


are to recalculate previous work in an effort to get more accurate results 
than are furnished by Meeh’s formula we must content ourselves with 
calculations based on height and weight. A formula such as Meeh’s, 
based on weight alone, can easily give an error of 15 to 20 per cent., 


3. Dr. F. G. Benedict of Boston has called our attention to the fact that this 
determines the length rather than the height. We have found that as a rule 
the length is 1 or 2 centimeters greater than the height, but we must remem- 
ber that height varies 1 to 3 centimeters during the day. 
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but this error is greatly reduced by taking the height into consideration. 
With people of very unusual body shape there does not seem to be 
any accurate method simpler than the linear formula with its nineteen 
measurements. The reason why a consideration of the height does not 
entirely correct the calculations based on weight becomes apparent 
when we consider the circumference of the body at various levels. For 
instance, in the case of R. H. H. the average circumference of the legs 
was 30.0 cm. and of the thighs 43.9 cm. An increase of 10 cm. in the 
length below the knees would mean an increase of 600 sq. cm. in surface 
area, but if the length of the thighs were increased 10 cm. it would 
mean a gain of 878 sq. cm. Variations in the arms would not affect 
the height at all. 


TABLE 1.—Comparison or Otp AND New ForMvutas For DETERMINING 
SurFACE AREAS OF THIGHS 




















Thigh Measurement* Surface Surface Surface 

—__——— — —— Thighs Cale. Error, Oale. Error, 
Name — — as Meas., O(P+Q) % W(P+Q) % 
Cm. Om. Sq. Om. 0.508 0.562 

gk ee 26.4 22.4 1284 1294 +1 1195 —7 
Mess B. occ cece. 41.7 38.8 3022 $207 +6 8251 + 7 
Bt Bis Bhs seccccces 47.0 46.0 3712 3512 —5 8745 +1 
BR. FH. BB. cc ccee 46.3 46.3 3820 3655 —4 3981 +4 
Mrs. McK. ....... 40.0 $2.2 8500 3594 +3 $152 —l1 
Anna M......... 16.0 144 478 $58 +2 479 +0 
Gerald S. ...... 44.7 44.9 3002 2677 —l1 2927 3 
Emma W.... : 45.7 41.7 3324 3448 -4 3425 +8 
868 EEE 50.8 46.3 $175 3457 +9 3A64 + 9 
+5 —_ +5 


Average........ ecce oeee sees owes + 





* Old measurement “O,” superior border of great trochanter to lower border of patella. 
New measurement “W,” superior border of pubes to lower border of patella. 





A formula to express surface area must naturally be a bi-dimen- 
sional formula, as surface involves two dimensions. If we assume 
that weight is proportional to volume, it is obvious that three dimen- 
sions are involved in any expression for weight. Height is, of course, 
a single dimension. If we attempt to construct a formula for surface 
area (A) based on weight (W) and height (H), it is obvious that a 
simple formula such as A= W X H & C (C being a constant depend- 
ing on the units used and the subject to which the formula is to apply) 
is not logical. In this formula one side, A, is bidimensional and the 
other side, W * H *& C, involves four dimensions, three from W 


‘ 


and one from H. If W is tridimensional, it is obvious that the cube 
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root of W (=/W or W’/*) is undimensional and a formula 
A= W'? & H & C is logical in that it is bidimensional on both sides. 
Another bidimensional expression involving W and H would be the 
square root of W X H (VV W X H or W’”? & H"”?) because W  H, 
being four-dimensional, is reduced to a bidimensional expression on 
taking the square root. A formula based on this method of reduction 
would be A = W’/2 & H¥/?? & C. 


TABLE 2.—MEASUREMENTS AND CONSTANTS FOR LINEAR ForMULA (MEASURE- 
MENTS TAKEN WITH SuByEcT LyING ON A FLAT SURFACE) 


Heap: AB 0.308. 
A—Around vertex and point of chin. 
B—Coronal circumference around occiput and forehead, just above eyebrows. 


Arms: F(G+H+1) 0.611.* 
F—Tip of acromial process to lower border of radius, measured with fore- 
arm extended. 
G—Circumference at level of upper border of axilla. 
H—Largest circumference of forearm (just below elbow). 
I—Smallest circumference of forearm (just above head of ulna). 


Hanns: JK 2.22. 
J—Lower posterior border of radius to tip of second finger. 
K—Circumference of open hand at the meta-carpo-phalangeal joints. 


Trunk (Including neck and external genitals in the male, breasts in female): 
L(M+N) 0.703. 
L—Suprasternal notch to upper border of pubes. 
M—Circumference of abdomen at level of umbilicus. 
N—Circumference of thorax at level of nipples in the male and just above 
breasts in the female. 


Tuicus: O(P+Q) 0.508. 
O—Superior border of great trochanter to the lower border of the patella. 
P—Circumference of thigh just below the level of perineum. 
Q—Circumference of hips and buttocks at the level of the great trochanters. 


Or :—Tuicus: W(P+Q) 0.552. 
W—Upper border of pubes to lower border patella (measured with legs 
straight and feet pointed anteroposteriorly). 
P—As above. 
Q—As above. 
Lecs: RS 1.40. 
R—From sole of foot to lower border of patella. 
S—Circumference at level of lower border of patella. 
Feet: T(U+ V) 1.04. 
T—Length of foot including great toe. 


U—Circumference of foot at base of little toe. 
V—Smallest circumference of ankle (just above malleoli). 


* Factor 0.558 if F is measured over olecranon with forearm flexed. 


Note.—The constants for arms, thighs, etc., when multiplied by the measure- 
ments of one side give the surface area for both sides. To find total surface 
area add the seven parts. 
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TABLE 3.—CoMParIson oF Various FoRMULAS 

















Measured Area Area Area 
or =m ¢ { -_— — = « 
Deter Ht.y Wt V Ht. x Wt 
mined by 2 i 
Height Linear | We. at 
Name Weight, or For 4 an 
kg Lengt! mula, Varia Varia- | Varia fl 
Cm Area, Factor tion Factor tion Factor tion 
Sq ‘ from ( fror ( fror 
Cm 25.6, 167.2, 71.84, 
Measured by 
Molds 
Benny L. . 24.2 110. S47 26.7 +4 164.0 ) 72.30 ).7 
Morris S. .. 64.0 164.3 16720 25.5 0.5 163.0 70.65 1.6 
a BB: 64.1 178.0 18375 25.8 40.8 171 +2.6 73.22 1 
E F.D.B 74.1 179.2 19000 25.3 1.2 164.7 1.5 70.85 1 ‘ 
Mrs. Mck 3.0 149.7 18592 7.2 +6.2 1 8 71.70 | (] 
Gerald S. .. 45.2 171.8 14901 24.4 4.7 1 1 70.36 2.0 
Fab. S...... 82.7 141.5 | (11860)*) 25.5 | (—0.5)*| 174.2 (+4.0)*} 74.37 | (+3.5)* P 
Anna M.... 6.27 73.2 Stig 27.4 | +7.1 172.0 +3.0 75.54 | +5.1 
Emma W... 57.6 164.8 16451 25.8 +0.8 169.0 +1.1 72.56 | +10 | 
R. H.S.. 63.0 184.2 17981 | 245) —43 | 167.0 0.0 | 70.58 | —L7 
Average.. ce eee ae vila +3.3 ‘saine | +2.2 | | $1.7 | 
Measured by | | | 
Linear | | 
Formula 
Edw. B......| 62.3 | 174.0 7270 | 25.0 —2.3 165.2 | —1.2 | 70.75 —15 
| | | | | 
John K. . | 65.4 176.9 17610 | 24.9 —2.7 14.2 | —1.7 70.838 | —14 
a 66.4 162.2 | 16720 | 25.5 —0.5 | 161.0 —8.7 70.20 | —23 
| Sd 
Wm. 8. .. “4.6 | 1790 | 1450 | 23.7 | —74 | 1728 3 | T1539 | 04 
| | | 
A.F.C......| 6.6 179.4 17960 24.4 4.7 160.5 4.0 68.71 4.4 
Wm. A. .. 63.4 190.0 | 1790 | 249 | —2.7 168.2 +0.6 71.22 —0.8 
Mart. C. ... 44.0 166.8 14370 24.5 | 4.3 167.5 + J 70.44 1.9 | 
Fes. W.cccccsel GE 179.0 14520 23.7 7.4 171.2 L2.3 70.36 1 
Wm. Shee.. 63.8 171.0 16070 23.5 | 8.2 154.8 7.5 64).06 8 
Arthur V. . 58.8 155.0 15560 2.8 | +08 163.3 4 73.02 +1.6 
Armon W 8 161.0 15500 3.8 | 7.8 14.6 6.4 67.96 5.4 
| 
Annie T. ... 6.3 137.0 10460 25.6 | 0.0 174.0 4.1 73.60 2.4 
| 
Fred D 49.3 157.0 13870 24.1 | 5.8 157.2 6.0 67.69 7 
Fred D 40.0 157.0 12060 | 24.2 5.5 163.5 2.3 69.12 3.8 
Edw. T 50.4 168.0 14830 23.4 8.6 161.0 3.7 68.27 5.0 4 
J. McE. .. 41.8 166.0 13260 3.1 | 7 150.0 48 66.67 7 
Bart D. .. 48.5 156.0 13850 25.3 | 1.2 168.1 0.5 71.62 0.3 
Burr Ph. 70.7 169.0 17390 4.9 | 2.7 159.4 4s 69.01 } j 
J.D. D. B. ... 34.5 152.8 12240 24.7 3.5 148.6 0.7 70.90 1 
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TABLE 3.—(Continued) 


| Measured Area Area Area 

or _— -- =a © ———- — ( | ———— — ( 
Deter Ht.w Wt J Ht. x Wt. 
Height | mined by | we at. j 
Namne Weight, o! Linear | 
Kg. Length, For - —— | —- 
Cn mula, Vatia Varia Varia 
| Area, |Factor| tion Factor tion | Factor tion 
| Sq ( from Cc from © from 
Cm. 25.6, 167.2, 71.84, 
Ray M 0.4 140.5 10840 24.8 3.1 165.8 0.8 70.42 1.9 
Harry B. .. 6.5 146.0 123% 25.4 08 168.6 08 72.01 10.3 
Harry K. .. 35.9 148.2 12240 5.0 2.3 167.8 +0.2 71.30 08 
Arthur A. . 30.6 146.6 11260 24.6 3.9 167.0 01 70.71 1.6 
Leslie B. ... 28.5 140.8 10500 24.5 4.3 166.5 0.5 70.00 
Peter N 63.4 187.7 17950 24.0 6.2 164.2 18 69.09 x 
Max W.. 73.2 173.7 18540 25.5 0.5 164.5 1.7 71.07 1.1 
Dan O'¢ 60.0 167.4 1657 95.4 rin 65.7 1.0 71.12 1.0 
Jack O’C. . 31.4 162.8 12040 23.5 8.2 168.2 0.6 69.35 5 
A. F. 52.6 150.0 14870 25.0 | 3 162.5 9 69.95 6 
} } 

G.L 79.2 175.5 20300 26.9 | —5.1 172.2 +3.0 74.70 +4.0 
F.C.G 56.5 | 173.9 16440 24.7 —8.5 | 167.4 0.0 70.29 1 
> oe ‘ 59.5 170.6 16340 24.6 | —3.9 162.1 | 3.0 69.30 3.5 
F.G.B.. 87.1 | 182.8 20760 25.8 0.8 164.5 1.1 71.22 —0.9 





* Measured by adhesive plaster method which gives results about 3.3 per cent. too high. 
The plus variations would be reduced by this amount. 

Comparing the two formulas A=W'”*xH*XC and 
A W?*/? H'?? & C, it will be seen that they differ in the relative 
importance given to W and H. In the former W has less importance 
and H more importance than in the latter. Meeh’s formula 
A= W*? & C, failed because H was neglected entirely. Adding H 
to the formula makes it more nearly applicable to subjects of the same 
general shape but differing somewhat in relative dimensions, and the 
best formula involving only W and H will be the one which gives a 
certain best relative importance to W and H. 

30th of the above formulas were carefully investigated by applying 
them to the nine subjects that had been measured in the laboratory. 
For these subjects W, H* and A are known. In testing a formula 
the procedure was to solve for C (the only unknown) for each 
of the ten cases and then to assume the correct constant for the 
formula to be the average value of the C’s so found. The merit of the 


4. With about half the subjects this was determined standing. No attempt 
has been made to correct for the difference between height and length. (See 
Footnote 3, p. 864.) The largest difference we have found would cause a change 
of about 1.5 per cent. in the surface area and reading. This is within the limit 
of accuracy claimed for the Height-Weight Chart. 
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formula was then judged by the percentage variation of the factors 
C, as found for the individual cases, from the constant chosen. This 
percentage variation would also be the percentage error in area in 
the individual cases if the formula were applied using the chosen 
constant. 

The formulas with H* and H’*/? both gave rather good results, but 
it was noticed in a number of cases that the percentage error for the 
same subject differed in sign for the two formulas. This would indi- 
cate that some formula would be better than either of these two if H 
were raised to some power between 1% and 1. 

The formula A=>W**XH*XC can also. be written 
A=W"? H”? x C, bringing it into the same form as 
A=W"? & H'/? & C and the general form of this formula can be 
written A==W*/* x H’¥>xC. In order that the expression 
W*/* x H*/® x C may remain bidimensional it is only necessary that 
3/a X 1/b=2, as it does in the two cases considered. For an inter- 
mediate equation it is obvious that (b) must be greater than 1 but less 
than 2. A value of b=1.25 would give a=2.5 and the formula 
would be A= W*/?* & H"/?5 x C. This formula when tested gave 
very much better results than either of the others, but to find the best 
values of “a” and “b” it was necessary to explore formulas having a 
number of other combinations of “a” and “b” and then to interpolate 
graphically. 

The best values of “a” and “b” were found to be 

=2.35 and b=1.38 giving the formula the final form of 
A ae 888 & HY¥2-98§ x C or A= W** x He"5 x 7184. This for- 
mula can be solved by logarithms as follows: 
Log. A= Log. W X 0.425 + Log. H & 0.725 + 1.8564. 
1.8564 is a constant equal to Log. C. 

In order to make this somewhat complicated formula easy of appli- 
cation a chart has been constructed (Fig. 2). By means of this it 
is possible to find the approximate surface area at a glance. The 
ordinates represent the height in centimeters, the abscissae the weight 
in kilograms. The point of intersection of these lines is found for any 
given subject and the surface area in square meters read off on the 
curved lines by interpolation. The second decimal place, which is 
never accurate, is estimated by the distance of the point from the 
nearest curved line. For instance, if the man were 150 centimeters 
tall and weighed 60 kilograms, the approximate surface area would be 
1.55 square meters. 

The large plus error in the constant employed by Meeh® has been 
established by the previously quoted works of Bouchard, Lissauer, 
Sicheff, Lassabliere and ourselves. According to our calculations the 


5. Meeh: Ztschr. f. Biol., 1879, xv, 425. 
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average error in Meeh’s constant is about 15 per cent. Instead of 
a uniform figure of 12.312, the “constant” should average about 10.5, 
varying between 12.3 for the greatly emaciated and 9.0 for the very 
stout. We must remember that figures for the calories per square 
meters of body surface will average 15 per cent. smaller when Meeh’s 
formula is used then when the linear formula or the new Height 


Weight Formula” is employed. 


SUMMARY AND CONCLUSIONS 

The method of calculating the surface area from the so-called 
“Linear Formula” is given with a slight correction in the factor for 
the arms and an alternative measurement for the thighs. A simpler 
“Height-Weight Formula” has been devised to estimate the surface 
of subjects if only their height and weight be known. This is expressed 
in the terms A = W°:#25 & H®725 x C. A being the surface area in 
square centimeters, H the height in centimeters, W the weight in kilo- 
grams and C the constant, 71.84. A chart has been plotted from this 
formula so that the approximate surface area may be determined 
at a glance. 

We may estimate the errors in the various formulas as follows: 
“Linear Formula” and “Height-Weight Formula,” maximum + 5 
per cent., average + 1.5 per cent., Meeh’s Formula, maximum -+- 30 
per cent., average + 15 per cent. In general the maximum figures 
apply only to those of unusual shape, while with those of average 
body form the average error will seldom be exceeded 


Converse Hall—477 First Avenue. 
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A COMPARISON OF THE METABOLISM OF MEN FLAT IN 
BED AND SITTING IN A STEAMER CHAIR* 
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NEW YORK 


This paper and those which follow it are based on results obtained 
with the Sage calorimeter, which was described a year ago in the first 
two papers of the series. At that time the policy was adopted of pub- 
lishing all the alcohol checks to show the accuracy of the apparatus 
throughout the year. It gives considerable satisfaction to report that 
the uniformly good results previously obtained have been repeated in 
this, the third season in which the calorimeter has been used. After 
a period of several weeks needed to put the apparatus in order, 
a good check was made Oct. 22, 1914, and not till then were 
the experiments begun. Although there was no reason to suspect 
trouble with the apparatus, tests were made Nov. 28, 1914, Jan. 1, 1915 
and also on May 19, 1915, after the last experiment for the season was 
completed. The results are recorded in Table 1 in which it will be 
seen that the total errors were as follows: heat, + 0.51 per cent., 
oxygen —0O.51 per cent., carbon dioxid —0.36 per cent., water 
+ 3.13 per cent. The respiratory quotient averaged 0.666, while the 
theoretical quotient is 0.6667. 

Since the publication of Paper 2' a new valve has been designed 
by one of the authors (G. F. S.) and has been attached to the absorber 
table, with most satisfactory results. The three-way valves by means 
of which the air current was switched from one set of absorbing bot- 
tles to the other required constant attention to prevent leaks. The new 
valves have been used in about ninety experiments and have required 
repairs but once. The details are shown in Figure 1. 

The calorimeter bed has been the subject of much experimentation. 
The oak frame on skids has proved satisfactory from the start, but the 
springs under the subjects sagged too much and the blanket covering 








* Submitted for publication Feb. 4, 1916. 
*From the Russell Sage Institute of Pathology, in Affiliation with the Second 


Medical Division of Bellevue Hospital. 
> 


1. Riche and Soderstrom: Chemical Calorimetry, Paper 2, THe Arcnives 
Int. Mep., 1915, xv, 805. 
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the springs stored too much heat. A waterproof canvas, substituted 
for the springs, was more comfortable, but heat was accumulated under- 
neath the subject and was suddenly liberated whenever he moved. This 
made the heat control difficult. During the last year a comfortable 
hammock made of fish net has given excellent results. Comparatively 
little heat is banked up underneath the man and when he turns over 
the liberation of heat is only one half or three quarters as great as in 
previous years to judge from the expansion of air in the box. This 
means that a given reading on the work-adder in the season of 1914- 
1915 indicates a little more activity on the part of the subject than 


the same reading in previous years. 














Fig. 1—Double throw valve for absorber table: H, handle; T, tube through 
which sample of air can be removed; S, piano wire spring to open and close 
valves V and V;; R, rubber washer acting as seat for valve. 


Figure 2 shows the bed with the oak frame and hammock. Figure 
3 shows the steamer chair used after Jan. 8, 1915. It is very comfort- 
able for the average subject, and even some of those who were not 
orthopneic preferred it to the bed. 

In recording the movements of the spirometer at the close of each 
hour we have used a pen (Fig. 4) which enables us to dispense with 
smoked paper. A glass tube a little more than 2.5 cm. long and 9 mm. 
in diameter is sealed at one end. The other end is closed by means of 


IAS 
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cork and sealing wax, through which passes a fine capillary tube bent 
at a right angle. The capillary passes nearly to the bottom of the tube 
The tube is filled with ink, containing a little glycerin. This simple 
apparatus seems to work even better than the expensive article of com 
merce which has a platinum tube. 

When the calorimeter was planned it was built high enough at one 
end to allow a man to sit upright. This was essential if orthopneic, 
cardiac or nephritic patients were to be studied. It soon became evident 





Fig. 2.—New calorimeter bed. 


that normal subjects should be studied while lying flat and also while 
sitting with a back rest to serve as controls. The form and accuracy 
of the Sage calorimeter seemed to lend itself particularly well to this 
investigation, which requires a greater delicacy of technic than has 
previously been available. 





Fig. 3—Steamer chair for calorimeter. 


Katzenstein? in 1891 found that the metabolism of his subjects was 
higher when standing than when lying and that the increase was com- 
paratively slight if the man were standing in a comfortable relaxed 
position. Winternitz and Pospischil® found the carbon dioxid output 


2. Katzenstein, G.: Ueber die Einwirkung der Muskeltatigkeit auf den 
Stoffwechsel der Menschen, Arch. f. d. ges. Physiol., 1891, xlix, 330. 

3. Winternitz and Pospischil: Ueber den respiratorischen Stoffwechsel unter 
thermischen und Mechanischen Einflussen, Bl. f. klin. Hydrotherapie, 1893, 
3, 7, 3, 49, 62. 
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lowest while lying, higher while sitting and still higher while standing. 
Some of their quotients are so low as to suggest doubts as to the technic. 
Johansson* determined the carbon dioxid production with scrupulous 
care to avoid the disturbing influences of muscular movement. He 
found that the output was about 6 per cent. higher while sitting than 
while lying, but he gives no details as to the exact postures used. 
Widlund® found no apparent rise in metabolism when the man stood 
if the muscular relaxation were complete. Benedict and Carpenter® 
have compared the metabolism of their subjects in two different calo- 
rimeters. Their bed calorimeter is smaller than the Sage instrument 
and the subjects lie flat during the experiments, are very quiet and 
often go to sleep. Their chair calorimeter contains a comfortable arm- 
chair, tilted slightly backwards but without a head rest. In this cham- 
ber the subjects are not absolutely quiet, but are allowed to read. The 











Fig. 4—Capillary writing pen: A, glass reservoir for ink; F, opening for 
filling; C, cork; W, sealing-wax; B, capillary glass tube. 


matter is critically treated by Benedict and Joslin,’ who conclude that 
the increase in metabolism of a subject while sitting in a chair and 
awake over that when lying asleep varies from 20 to 30 per cent. The 
question was further studied by Emmes and Riche® in the same labora- 


4. Johansson, J. E.: Ueber den Tageschwankungen des Stoffwechsels und 
der K6érpertemperatur im niichternen Zustand und vollstandlichen Muskelruhe, 
Skand. Arch. f. Physiol., 1898, viii, 85. 

5. Widlund, K. E.: Untersuchung des Verhaltnisses zwischen CO, Pro- 
duktion in Riihelage und im stehenden Stellung, Skand. Arch f. Physiol, 1905, 
xvii, 290. 

6. Benedict and Carpenter: Metabolism and Energy Transformation of 
Healthy Man During Rest, Carnegie Institution of Washington, Pub. 126, 1911, 
p. 242. 

7. Benedict and Joslin: Metabolism in Diabetes Mellitus, Carnegie Institution 
of Washington, Pub. 136, 1910, p. 175. 

8. Emmes, L. E., and Riche, J. A.: The Respiratory Exchange as Affected 
by Body Position, Am. Jour. Physiol., 1911, xxvii, 406. 
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tory, using the Benedict Universal Respiration Apparatus to which 
the subjects were attached by means of nose pieces. They found the 
oxygen consumption averaged 7.6 per cent. higher when they were 
sitting upright in a chair with the head supported than when lying fla*. 
This they considered due primarily to the difference in the internal 
muscular activity necessitated by the sustaining of body parts. They 
call attention to the fact that the pulse rate is 5 to 10 per cent. higher 
when sitting. Higgins,’ also of the Nutrition Laboratory, studied the 
effect of posture on the tension of carbon dioxid in the alveoli, and 
found it highest with the subject lying on his back or side, lower in 
the Trendelenburg and semireclining position, still lower while sitting 
erect and lowest while standing. 


DESCRIPTION OF SUBJECTS OF EXPERIMENTS 


John L., 44 years old, 174.7 cm. tall, normal control, history given in 
Paper 4.° March 26, 1914, he lay flat on the canvas bed. April 3 he sat 
propped up in bed at an angle of about 50 degrees, leaning against a firm 
back rest, padded with pillows, which supported his head. 

Albert G., 24 years old, 162.2 cm. tall, normal control. He is a laborer, born 
in Italy. He remembers no illnesses except a shght skin eruption fourteen years 
ago. His health is good but he has been out of work for some time. He is 
short, stocky, fairly Smuscular, with little fat. Heart and lungs normal. 
Admitted to the metabolism ward Dec. 14, 1914, discharged Jan. 14, 1915. From 
January 4 to 14 he had a very mild sore throat, with slight afternoon fever. 
January 13 at 10 a. m., he was given subcutaneously a dose of New York City 
Board of Health typhoid vaccine consisting of one-half billion dead bacilli. 
There was a slight normal reaction with moderate swelling at the site of 
injection. 

The young Italian was rather neurotic, and after a couple of weeks of 
enforced idleness in the ward began to develop imaginary pains. He left the 
hospital in high dudgeon, but when his wages were spent in the course of the 
next two weeks he returned asking for his job as normal control. 

December 21, lying flat in bed, he was unusually quiet, sleeping twenty-four 
minutes in the first hour and about six minutes in the second. Two days later, 
propped up at an angle of about 45 degrees with the back rest, he was not 
so quiet. The third period had to be discarded from the calculations because 
he slid down in the bed until the body was at about half its original angle. 
December 28 he was in the calorimeter for two periods, each one and one-half 
hours long. He was lying flat and very quiet, dozing most of the time. Decem- 
ber 30 an experiment was made after the ingestion of 79 gm. of olive oil. 
January 4 and 6 tests were made after 115 gm. commercial glucose. On the 
eighth a three hour basal determination was made. He slept fifty-five minutes 
in th: first hour and was somewhat restless in the other heurs. The next day 
he was in the calorimeter, sitting in the steamer chair which had just been 
finished. In the first hour he was somewhat restless, in the second hour quiet. 
Unfortunately the urine specimen was lost on this day. 

R. H. S., man, 21% years old, chemist, normal control. Except for measles, 
scarlet fever and a broken arm in childhood he has never been sick in bed. He 

9. Higgins, H. L.: The Influence of Food, Posture and Other Factors on 
the Alveolar Carbon Dioxid Tension in Man, Am. Jour. Physiol., 1914, xxxiv, 114. 

10. Gephart and DuBois: Clinical Calorimetry, Paper 4, THe Arcuives IN. 
Mep., 1915, xv, 835. 
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Subject, 
Date, 
Weight, 
Surface Area 
Linear Formula 


John L. . ‘ 
3/26/14 
70.94 Kg. 


John L.. 
4/3/14 
70.90 Kg. 
Albert G 
12/21/14 





66.08 ° 
1.67 Sq. M. 


Albert G. ......... 
12/23/14 
63.08 Kg. 


1.63 Sq. M. 


Albert G 
12/28/14 
65.35 Keg. 
1.66 Sq. M. 


Albert G 


1/8/15 


Albert G 


1/9/15 
65.85 Kg. 


1.67 Sq. M. 


B. H. B,. c. 0 
4/19/15 

64.36 Kg 

1.88 Sq. M. 


* Caleulations for first period were 


Period 


Prelim. 


Prelim 


i) 


Prelim. 


Prelim. 


Prelim 


1 


Prelim 


1 
| 2 
| 


| 
| 
| 


End Carbon 
of Dioxid, 
Period | Gm. 
Time 
11:20 
12:20 21.12 


1:20 21.37 
2:20 21.07 
12:05 
1.05 20.36 
2:05 19.94 
11:13 
12:13 24.32 
1:18 25.97 
2:18 24.31 
11:08 
12:00 24.73 
1:08 23.44 
2:09 26.11 
11:06 
12:35 34.28 
1:05 35.80 | 
| 
11:21 
12:21 22.43 
1:21 25.06 
2:21 24.92 
| 
11:13 
12:13 25.35 
1:13 23.62 | 
| 
11:40 
12:40 
1:40 | 





based on 


Oxygen, 


Gm. 


28.96 


29.23 


19.88 
20.38 


22 81 


"1.50 


19.07 


19.95 


20.87 


a mean 


0 


of 


81 


86 


).90 


82 


89 


).00 


t? 


. Q 


e 


se 


TABLE 2 


Urine N 


Water, per 
Gu Hour, 
Gm 
25.77 0.363 
24.56 0.363 
24.01 0.363 
22.90 0.347 
23.66 0.347 
31.28 0.60 
31.50 0.60 
31.86 0.60 
23.81 0.636 
26.68 0.636 
28.22 0.636 
$0.12 0.731 
89.24 0.731 
27.86 0.661* 
29.56 0.518* 
30.70 0.518 
33.84 
32.76 
26.28 0.478 
6.25 0.478 
two figures 





DATA OF 
Indirect Heat 
Calo Elimi- 
rimetry, nated, 
Cal. 
64.65 66.00 
65.10 68.26 
65.85 66.72 
195.20 
61.08 61.79 
61.19 63.45 
69.31 75.78 
71.08 78.38 
70.73 78.17 
211.12 
68.89 | 62.76 
67.53 68.50 
77.07 60.69 
213.49 
97.54 112.08 
99.06 107.08 
196.60 
66.09 68.19 
60.16 72.48 
75.51 71.82 
210.76 
72.89 75.78 
65.32 76.38 
138.21 
66.98 79.97 
69.82 77.61 
136.80 


= 











. 
CALORIMETER EXPERIMENTS 
Direct Per Cent. Calories 
Calo- Rectal Aver Work- Non- Calories from per Hour 
metry Temp., age Adder, protein 7 - _ Remarks 
Rectal oC. Pulse Cm. Q. 
femp.)» Pro | Carbo Per |Per Sq.M. 
Cal. tein Fat hyd. Kg | (Meeh) 
ee - - . | | bere — 
. 
37.1 ee eves cee oe z= o eee eee 3asal 
36.89 61 13.0 0.78 15 62 23 0.90 30.64 Flat in bed 
: 
68.56 36.94 55 13.0 0.79 15 61 24 0.90 30.85 
4 6.88 57 $8.7 0.76 15 69 16 0.90 $1.21 
53.90 
36.89 Propped up with 
| back rest 
7.81 36.82 59 | 28.0 0.81 15 55 30 0.86 28.96 
6.47 36.80 62 27.0 0.78 15 63 22 0.86 29.01 
$7.11 ee — ese ia - -_ oece eevee 3asal, flat in bed 
609.44 37.00 58 12.5 0.87 23 34 43 1.05 34.45 Asleep 24 min. 
72.08 86.89 54 14.6 0.93 22 19 59 1.08 Asleep 6 min. 
73.58 6.85 §2 147 0.84 22 42 5 1.07 
| 
$7.13 oe eeee osee oe ee ° ose —_ Propped up at an 
gle of 45 deg 
53.62 36.96 iA 17.1 0.91 25 23 52 1.10 35.33 Quiet 
68.25 36.96 o4 14.6 0.86 25 36 39 1.07 4.63 Quiet 
71.24 37.01 56 19.0 0.83 22 45 83 1.22 $9.52 Slid down in bed } 
i l ’ 
36.79 Basal. Flat 
116.76 36.85 52 12.2 0.88 20 33 48 1.00 32.55 Dozed } 
4.54 86.69 53 19.0 0.91 20 25 56 1.01 33.05 Dozed Periods 
1% Hrs. long 
it) 
6.74 ° Basal, flat in bed 
5.19 36.68 58 3.5 0.88 a | « | 8 1.00 77 Asleep 55 min 
70.68 36.62 6 29.0 0.92 20 22 58 1.07 35.00 Restless 
73.59 36.68 55 27.2 0.79 18 58 23 1.14 37.44 Restless 
200.46 
87.06 oe ese cove ee ee oe eees owen In steamer chair 
2 66.58 36.90 62 18.0 oeee ee oe ee 1.11 $6.30 Restless 
73.98 36.84 59 14.0 eove ee oe oe 0.99 $2.55 Quiet 
Urine spec. lost 
140.44 
$7.12 oe ecce ecco oe ee ee oece neses Basal, flat in bed 
72.65 36.99 60 1.0 0.86 19 39 243 1.04 $3.88 Almost motion 
less 
71.40 36.89 60 6.0 0.84 18 45 37 1.09 $5.32 Almost motion 
less 
44.0) 
f 
t 











Subject, 
Date, 
Weight, 


Surface Area 
Linear Formula 


R. H.5 
4/21/15 
6. , £ 
1.78 Sq. M 
E. F. D. B 
6/15 
74.64 Keg 
1.91 Sq. M. 
E. F. D. B 
74.20 Kg 


1.90 Sq. M. 


William A 
1/25/15 
63.44 Kg 
1.80 Sq. M 


William A.. 


1/27/15 
63.00 Ke 
1.74 Sq. M. 


Theodore 8 
1/28/14 
2 Kg 


9.5 


Theodore 8 
1/90/14 
50.44 Kg 


Theodore 8S 


Theodore 8S 
2/9/14 
61.15 Kg 


Theodore 8 
2/13/14 
61.99 Kg 


Period 


Prel 


Preli 


Preli 


Pre 


Prel 


m 


m 


m. 


m 


m 


I 
I 


End 
of 
Period 
Time 

1! 
l 
l 
11:17 
12:17 
1:17 
11:18 
12:18 
1:18 
11:13 
12:13 
1:13 
2:13 
10:40 
11:40 
12:40 
1:4 
11:10 
12:10 
1:10 
11:15 
12:15 
1:15 
11:46 
1:16 
16 
11: 
12:5) 
1:0 
11:10 
12:10 


( 





arbon VU 
Dioxid, 
Gm 





to 
> 
& 


to 
- 
o 


24.37 | 
25.01 | 


24.75 


21.66 


22.80 


34.63 


22.82 


21.11 


xygen, 


Gm 


18.69 


18.34 


2.51 


20.31 
20.86 


22.02 


20.30 


18.76 


18 


Water, 
Gm 


32.15 


31.11 





per 


Hour, 
Urine N 


Gm 


238 


0.390 


390 


390 





TABLE 2 


Calo 
rimetry, 
Indirect 


Cal 


os 
68.96 


137.18 


00.44 
70.14 
73.44 


213.02 


70.36 
74.09 
76.38 


221.33 


71.40 


El 
nated 
Heat 
( 


73.06 


73.48 


73.11 


73.83 

















-( Continued ) 
Direct | | Per Cent. Calories 
Calo | Rectal Aver- Work Non- Calories from per Hour 
rimetry Temp., | age | Adder, | protein | ——————- ——_——— Remarks 
(Rectal c. Pulse Cm. | B.@. Pro Carbo Per Per Sq. M. 
Temp.), } tein Fat hyd. Kg. (Meeh) 
Cal 
37.00 ee _— Se eo on - _— “oe In steamer chair 
a 36.838 | 62 1.0 0.83 16 49 36 1.04 33.60 Almost motion 
| | less 
78.30 36.86 hy a | 6.0 0.36 18 39 43 0.92 29.91 Almost motion- 
4 | less 
! 5.50 | | 
| | | 
| | 
36.99 = none — _ ae oe wae iia Basal, flat in bed 
sy 36.98 57 10.0 0.79 20 | 5&7 23 0.95 $2.40 Very quiet 
7 37.01 57 7.0 0.78 19 | 6 18 0.98 $3.32 Very quiet 
| 
45.41 | 
16.92 se _— ecco < - « os avec sence In steamer chair 
67.38 36.76 57 9.0 0.83 23 45 33 0.92 Quiet 
78.3 36.83 5S 12.0 0.83 23 | 45 33 0.93 $2.47 Quiet 
145.70 | 
36.96 és - oeee - ‘ os - peeve Cardiac patient; 
flat in bed 
36.77 62 20.0 0.93 15 20 65 1.10 35.47 Restless 
69.48 36.71 60 11.0 0.85 14 68 18 1.10 35.82 Fairly quiet 
70.55 36.66 62 10.0 0.81 “4 62 24 1.16 37.51 Quiet 
ove ores a wt ee ooce cece In steamer chair 
0.7 36.76 66 | 10.0 0.85 15 44 42 1.13 36.36 Quiet 
72.1 36.71 66 11.0 | 0.82 14 53 33 | 1.18 38.01 Quiet 
73.06 36.62 - 21.0 | 0.78 14 65 2 | 1.21 39.19 Fairly quiet 
} 
| | 
ll | | 
$7.14 os ecco eoce on - ee eeee ecece Cardiac patient; 
| flat on back 
89.92 | 36.94 49 71.0 | 084 18 46 96 6|~C(O1A14 36.14 Restless 
“1.30 | 36.93 | 50 23.0 0.82 17 | 82 31 1.20 38.08 Restless 
$7.10 | «. oes eee oe oe - nese eevee Propped up in 
bed at angle of 
70.4 37.05 53 1.9 0.85 16 44 40 1.06 33.58 about 30 deg 
75.61 $7.13 52 0.9 0.83 15 51 34 1.14 35.99 
37.08 os eves ecco ° ‘ - oeee escce Flat on back; 
quiet both per! 
86.70 96.87 1) 10.0 0.80 14 60 26 1.16 37.00 ods Pain in 
} hand at 12:43 
72.40 36.94 47 0.6 0.81 14 56 30 1.14 36.26 Periods 1% Hrs 
: 37.06 ‘ 0 see nets es _ on _— _— Propped up ‘n 
- bed at angle of 
& 64.71 $6.83 49 6.7 0.34 17 45 3 1.01 $2.28 BO deg. Quiet 
both periods 
67.15 86.86 46 3.7 | 0.86 16 40 44 | 1.05 $3.67 
87.01 om oes ecce ae - os ees euieee Flat on back 
6.94 36.95 54 3.5 0.88 15 34 51 1.12 35.99 Quiet 
75.32 | 36.95 55 5.5 0.84 15 45 4 1.15 36.84 Quiet 
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is accustomed to take moderate exercise and his general health is fair. This 
last year he has been doing much night work, has taken no exercise, and has 
lost about 5 pounds in weight. He is very tall, 184.2 cm. and very thin, but 
not emaciated. His measurements and surface area are given in detail in 
Paper 9 of this series. His heart and lungs, etc., are normal. 

April 19, 1915, he was in the calorimeter flat in bed for two hours to deter- 
mine the basal metabolism, and two days later was in the steamer chair for a 
similar period. On both days he was awake but almost motionless. 

E. F. D. B., man, 33 years old, a normal control, whose history is given in 
Paper 4" of this series. May 6, 1915, he was in the calorimeter flat in bed. 
Except for a small cup of black coffee without sugar, he had taken no food since 
7:30 p.m. The steamer chair experiment, owing to a sudden change in plans, 
had to be made the next day. Unfortunately the subject had eaten a Welsh 
rarebit at 11 p. m., so it is possible that there was a slight specific dynamic 
action increasing the metabolism. He was quiet in both experiments. 


CARDIAC PATIENTS 


Theodore S., 32 years old, coachman, born in Sweden Admitted Jan. 17, 
1914, discharged February 22. Diagnosis, mitral stenosis, cardiac hypertrophy 
and dilatation, auricular fibrillation. 

History —Pneumonia when 6 years old, no rheumatism. Four or five years 
prior to admission the patient began to have shortness of breath on exertion. 
Three years previous to admission this compelled him to look for an easy job, 
but he was able to carry trunks upstairs until eight months prior to admis- 
sion. For the previous two weeks the dyspnea had confined him to bed. 

Physical Examination—Of medium build, 169 cm. tall, well nourished and 
fairly muscular. He is slightly dyspneic, the lips are a deep red color, with a 
slight purplish tint. He has an occasional cough. The apex is in the fifth 
costal interspace 12 cm. from the midline, the left limit of dulness 14.5 cm. 
from midline, the right limit in the fourth space 4 cm. from midsternum. The 
action is slow and very irregular in force and frequency. Phlebograms show 
auricular fibrillation. At the apex is heard the presystolic murmur to which 
Mackenzie and Lewis have recently called attention. The first sound is sharp 
and short, the second sound faint, followed immediately by a loud, rough. 
rumbling murmur which diminishes during diastole, lasting through the short 
diastoles but followed by a period of silence in the long pauses. The pulse 
is small, the arteries palpable. There are a few subcrepitant rales at the 
bases of the lungs. The Wassermann reaction is negative. By January 26 
all dyspnea had disappeared and there was not the slightest trace of orthopnea 
He was able to sit in a chair without fatigue. There was no edema. 

Experiments—January 28, basal experiment flat in bed. The patient was 
anxious to cooperate but he was of timid nature and during this first observa- 
tion was a little anxious. His skin was cold and clammy at the start and he 
sweated profusely while in the calorimeter. January 30 he was propped up on 
the calorimeter bed at an angle of about 30 degrees. He was quieter than 
before. February 5 he was in the calorimeter flat in bed. Just as the first 
period was being ended he had a slight pain in his hand which caused him to 
sweat. This suddenly expanded the air in the box and raised the work adder 
5 cm. The first period was prolonged one-half hour, by which time things had 
come into equilibrium. February 9 he was propped up with the back rest at 
an angle of about 50 degrees and made very comfortable with pillows at his back 
and under his knees. February 13 a third experiment with the patient flat in 
bed was made. He was comfortable and quiet but apparently began to sweat 
a little when signalled to lie quiet at the end of each period. 

February 16 the systolic blood pressure was 145 mm. lying down and 142 mm. 
when sitting up at an angle of about 45 degrees. February 22 he was dis- 
charged in good condition and was able to walk up two flights of stairs slowly 
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without dyspnea. March 4 he was readmitted with a sharp attack of broncho- 
pneumonia from which he recovered, leaving the hospital on the 27th of that 
month. 

William A., 24 years old, laborer. Admitted to the hospital Dec. 28, 1914, 
discharged Jan. 30, 1915. Diagnosis, aortic insufficiency, cardiac hypertrophy and 
dilatation. History. Has had measles, pneumonia, rheumatism and urethritis 
and has had frequent attacks of tonsillitis. December 25 he had a sudden sharp 
pain in the side. The following night he was very orthopneic and had a great 
deal of palpitation. He complains also of weakness and cough. 


TABLE 3.—SuMMARY OF CALORIMETER EXPERIMENTS ON Bopy Posturi 


\ve ige ¢ ‘ es 
yn He 
Age Weight (\verage 
Subjects Years ke Pulse R. Q Indirect Direct Posture 
Calo Cal € 
ery y 
Ne ils 
John I 44 
“/l4 rt 4 os 0.78 ( 0 ( ) Lying* 
4 l4 4 61 0.80 61.14 iS Sitting up 
Albert G 4 
] 4 ‘s 4 ~ 7 s LY y 
l 4 t " 8 i Sitting up 
s/it ss ~ vis Lying 
8 / 0.84 69.8 Lying 
1 “5.8 l SS 7 s Sitting up 
R. H.S l 
4/19/15 64.2 i”) 4 S.4 Lying 
4 ‘ 4 ‘ 7 9 Ss vv p 
EF. DI 
6/1 74.64 7 7 1.77 72.71 Lying 
7/1 74.2 “i S s 72.8 Sitting up 
Cardiacs 
William A 4 
1/1 63 44 61 8 7101 67.44 Lying 
1/27/1 ( x tt s 73.78 70.70 Sitting up 
l <diore &S 
1/28/14 4 6.8 RO). 2¢ Lying 
| 44 OS 4 Sitt g up 
4 60.28 44 St) 86.7 7 l Ly zg 
14 61.1 1s 0.84 ‘ S 65.9 Sitting up 
{ 61 ’ 0.8 ) 7 Ly x 
Busal—flat in bed 
Physical Examination—Tall (180 cm.), well developed and well nourished; 
dyspnex and orthopneic ; color pale. 
Tonsils swollen and congested. Apex impulse diffuse, left border 13 cm. 
right border 4 cm. from midline There is a waterfall diminuendo diastolic 
murmur and a presystolic roughness considered to be a Flint murmur. The 


pulse is Corrigan in type. 
The temperature, which has been slightly elevated, dropped to normal and 
the dyspnea and orthopnea disappeared. A blowing systolic murmur became 
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audible in the aortic region. By January 26 he was able to sit all day in a chair 
without fatigue. 
January 25 he was in the calorimeter flat on his back for three hours, and 
two days later was in the steamer chair for a similar period. 
METHODS OF EXPERIMENTS 


The calorimeter and the experimental procedure have been described in 
Papers 1 to 4 of this series. All the experiments were made in the morning 
without food, except in a few instances when a small cup of black coffee with- 
out sugar was used. When the subjects were flat in bed they were allowed a 
pillow under the head, and if they desired it, one under the knees. 


DISCUSSION OF RESULTS 


Each experiment in the sitting posture is controlled by one or more 
observations on the same individual lying flat in bed, and we might 
therefore compare the average calories per hour produced under the 


TABLE 4.—SumMMary or RESULTS 


Average Metabolism, 


| Average Pulse | Cal. per Sq. M Per Cent 
Name per Hour, Meeh Difference in 
a | - - —_————| Semireclining 
Lying Semireclining Lying Semireclining 
Normal Controls | 
John L.. 2.222000. 58 | 61 30.90 28.99 6.1 
Albert G. ......... M4 538 *34.29 34.71 +1.2° 
ON iceuncanes 6 59 34.60 31.75 —8.2 
4S eee 57 56 $2.86 9.99 —1.7 
Cardiac Cases 
Theodore S. .... 51 51 36.73 33.89 7.7 
William A......... 61 06 36.27 87.85 +44 
Average......... 0 
* Omitting experiment of December 28, averages are: metabolism, lying equals 35.04; per 


cent. difference equals 1.0. 


two conditions. The standard procedure in this laboratory, however, 
has been to compare the results in terms of calories per square meter 
of surface area per hour. This latter method will be adhered to, since 
these experiments will be discussed from other points of view in the 
following papers. It makes little difference which method is used, as 
the surface area scarcely changed at all between experiments. 

The results are summarized in Tables 3 and 4. It will be seen that 
the metabolism averaged 3 per cent. lower in the semireclining than in 
the lying posture. Of the four normal subjects, three showed this 
lower metabolism very clearly. In one, Albert G., the average figure 
for the flat experiments is 1.2 per cent. lower, but if the abnormally 
low result in the experiment of December 28, when he dozed, be 
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excluded, the balance will be 1.0 per cent. on the other side of the line. 
It is unfortunate that it was not possible to have more cardiac patients 
in the series. The mitral case repeatedly showed a lower metabolism 
when propped up in bed ; the aortic patient showed the opposite. Taken 
as a whole, the differences are so small that we may use the same figure 
for the average normal metabolism in both postures, and we need 
hardly change our normal base line when we discuss the experiments 
on patients who were so orthopneic that they had to use the steamer 
chair while in the calorimeter. 

These results were somewhat surprising as the general opinion in the 
laboratory was that the heat production would be 5 to 10 per cent. 
higher in the steamer chair. It must be remembered that previous 
investigators have used chairs in which the subjects sat upright or 
nearly upright, in some cases the head being unsupported. All the 
experimenters agreed that there was some muscular effort needed to 
maintain the posture and they ascribed to this the increase in heat 
production. In the orthopneic posture either with back rest or steamer 
chair as used in these calorimeter experiments, there was complete sup- 
port of the body and head. No more muscular tension was needed than 
when the subjects were lying flat and the pillows were so arranged that 
the men could fall asleep without change in posture. It is quite possi- 
ble that the diminished pressure on the diaphragm lessened the work of 
breathing enough to account for the lower metabolism. 

On steamers, in clubs, and in those parts of our country where lazi- 
ness is a science, men assume a semireclining posture with the head, 
back and feet supported on any convenient object. Patients who are 
very dyspneic are obliged to sit up and they can sleep only in the semi- 
reclining posture. The slight diminution in energy requirement may 
be a factor in leading them to assume the orthopneic posture, but with 
many cardiac and nephritic patients this economy is more than offset 


by increased muscular activity. 


SUMMARY AND CONCLUSIONS 

The Sage calorimeter in the season of 1914-1915 was fully as 
accurate as in the previous years. Alcohol checks gave the following 
total errors: heat + 0.51 per cent., oxygen — 0.51 per cent., carbon 
dioxid — 0.36 per cent., water + 3.13 per cent. ‘The respiratory quo- 
tient averaged 0.666 while the theoretical quotient was 0.6667. 

Four normal men and two cardiac patients were studied in the 
calorimeter lying flat in bed and in the semireclining position propped 
up with a back rest, or else in a comfortable steamer chair. A total of 
twenty-one experiments showed that the metabolism averaged 3 per 


cent. lower in the semireclining posture. One of the cardiacs, and pos- 
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sibly one of the normal controls, showed a slightly higher metabolism 
when propped up in bed. 

The difference between the results is so small that in the study of 
pathologic cases we can use the same figures for the average normal 
metabolism in both postures. In the majority of cases, however, the 
energy requirement is lower in the orthopneic position. 


477 First Avenue. 





























CLINICAL CALORIMETRY 
TWELFTH PAPER 


THE METABOLISM OF BOYS 12 AND 13 YEARS OLD 
COMPARED WITH THE METABOLISM AT 
OTHER AGES* 


EUGENE F. Dv BOIS, M.D. 
NEW YORK 


In the period of development of boys, the years immediately pre- 
ceding puberty are of especial interest. By this time the figure has lost 
most of its childish characteristics and the mind has reached a point 
of great intelligence. Although the individual has scarcely passed the 
half-way mark in the years of growth, and has only attained half his 
future weight, yet he resembles the adult much more than he resembles 
the infant. At this stage the sex glands have not yet begun the rapid 
development of puberty with its profound effect on the whole organism. 
Curiously enough there is a sudden increase in the rate of growth which 
takes place at this time. In fact, we may consider boys in the period 
of prepubescence as individuals of adult form but of small size, grow- 
ing rapidly, and as yet scarcely influenced by the internal secretions of 
the sex glands. The study of their respiratory exchanges may throw 
light on many problems. 

Recent developments in the science of metabolism have emphasized 
the necessity of using, for purposes of comparison, only those experi- 
ments in which the subjects were absolutely quiet. Since the assimila- 
tion of food increases the metabolism during four or five hours follow- 
ing a small meal, and five to ten hours after a large one, it is important 
to use only experiments in which this specific dynamic action is either 
slight or absent. The necessity for absolute quiet has long been recog- 
nized by Johansson and the Zuntz school, but has only been fully 
appreciated elsewhere for the last five years or so. The observations 
of Rubner' and Sonden and Tigerstedt? were made before this was 
understood, and the children were studied in large respiration chambers 
where they sat fairly quiet in chairs, eating from time to time, or else, 
as in the case of Rubner’s boys, moving about the room at will. This 


* Submitted for publication Feb. 4, 1916. 

* From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital. 

1. Rubner: Beitrage zur Ernahrung im Knabenalter, Berlin, 1902. 

2. Sonden and Tigerstedt: Untersuchungen tiber die Respiration und den 
Gesamtstoffwechsel des Menschen, Skand. Arch. f. Physiol., 1895, vi, 1. 
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amount of activity might increase the metabolism anywhere from 
10 to 30 per cent. above the resting value, and it is obvious that the 
results can be compared only with those obtained on other individuals 
who have shown exactly the same amount of muscular movement. It 
is for this reason that, while the careful work of the above mentioned 
observers is of great value in showing the changes during the different 
ages for a given amount of activity, it cannot be used in comparison 
with the experiments in which the subjects are quiet. 

The classical study of Magnus-Levy and Falk* established the fact 
that the metabolism is high during childhood and low after the onset 
of old age. These observers studied twenty-five children, twelve old 
men and women and twenty-five of intermediate ages. They used the 
Zuntz-Geppert apparatus, making several short experiments on each 
subject in the morning before breakfast, the individual lying at complete 
rest on a couch. It so happened that they included no boys between 
the ages of 11 and 14 in their list. 

The metabolism during infancy has been well studied by Howland,* 
Schlossmann and Murschhauser,’ Benedict and Talbot,* Murlin and 
Hoobler,’ Bailey and Murlin* and others,* all of these observers paying 
especial attention to the question of muscular activity. On account of 
the difficulty of keeping infants quiet, Benedict and Talbot, and Murlin, 
Hoobler and Bailey were obliged to feed most of their subjects shortly 
before the experiment was started. It is quite possible that a lowering 
of metabolism during sleep may have counterbalanced the slight 
increase due to the milk ingestion. 

All of the above investigators have thrown new light on the subject. 
It would too greatly extend the bounds of this article to discuss in 
detail the several excellencies contained in their work. Of special inter- 
est is the fact that the metabolism of babies in the first month of life is 


3. Magnus-Levy and Falk: Der Lungengaswechsel des Menschen in verschie- 
denen Alterstufen, Arch. f. Anat. u. Physiol., 1899, Suppl. 315. 

4. Howland: Der Chemismus und Energieumsatz bei schlafenden Kindern, 
Ztschr. f. physiol. Chem., 1911, Ixxiv, 1. 

5. Schlossman and Murschauser: For references see note 6. 

6. Benedict and Talbot: The Gaseous Metabolism of Infants, Carnegie 
Institution of Washington, Pub. 201, 1914; Studies in the Respiratory Exchange 
of Infants, Am. Jour. Dis. Child., 1914, viii, 1. 

7. Murlin and Hoobler: The Energy Metabolism of Ten Hospital Children, 
Am. Jour. Dis. Child., 1915, ix, 81. 

8. Bailey and Murlin: The Energy Requirement of the New-Born, Am. 
Jour. Obst., 1915, Ixxi, 1. 

* Just as this article is going to press Dr. Benedict has kindly called atten- 
tion to the following reference: Olin: Carbon Dioxid Production in Boys of 
from 10 to 18 Years of Age; Finska Laksallsk: Hand! Helsingfors, 1915, 


Ivii, 1434. 
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very low. This was apparently first discovered by Hasselbach,® and 
later independently by Murlin,’ who first brought it to general attention. 
The same point was shown in Table 7 of Paper 4 of this series. 

The metabolism of normal adults has been thoroughly studied in the 
last few years. Benedict, Emmes, Roth and Smith"’ have collected 157 
subjects, some of them as young as 15 years, using chiefly the Benedict 
universal respiration apparatus. Palmer, Means and Gamble,"* with 
the same instrument, have collected a considerable number of normal 
records and Means™ has recently calculated his results according to 
measurements taken by the new surface area formula described in 
Paper 5'* of this series. We have also at our command the normal 
controls of Paper 4'* and those of Papers 11 and 13, studied in the Sage 
calorimeter. 

All of the above mentioned work on adults was done with very 
quiet subjects twelve or more hours after the last meal, and the technic 
of the observers was almost exactly the same. The results of these 
experiments have been charted in the accompanying curves, together 
with the work of Magnus-Levy and Falk, of Howland, Benedict and 
Talbot, Murlin and Hoobler, and Bailey and Murlin for comparison 
with the new results obtained on the boys 12 and 13 years old. Many 
other careful workers have studied the normal metabolism, but it has 
seemed best to use only the above mentioned investigations. 


METHOD OF EXPERIMENTS 
The Sage calorimeter and the methods employed in this research 
have been fully described in the previous papers of the series entitled 
Clinical Calorimetry.’® The surface area of the boys was determined 
according to the so-called “Linear Formula” described in Papers 5, 9 
and 10. The calories derived from protein were calculated from speci- 

9. Hasselbach: Respirations—For s¢g Paa Nyfgdte D¢grn, Bibliot. f. Leger, 
1904, 8 de Rekke 5th Bind, 219. 

10. Benedict, Emmes, Roth and Smith: The Basal, Gaseous Metabolism of 
Normal Men and Women, Jour. Biol Chem., 1914, xviii, 139. Benedict and 
Roth: The Metabolism of Vegetarians as Compared with the Metabolism of 
Non-Vegetarians of Like Weight and Height, Ibid, 1915, xx, 231. Benedict and 
Smith: The Metabolism of Athletes as Compared with Normal Individuals of 
Similar Height and Weight, Ibid, p. 243. Benedict and Emmes: A Comparison 
of the Basal Metabolism of Normal Men and Women, Ibid, p. 253. Benedict: 
Factors Affecting Basal Metabclism, Ibid, p. 263. 

11. Palmer, Means and Gamble: Basal Metabolism and Creatinin Elimina- 
tion, Jour. Biol. Chem., 1914, xix, 239. 

12. Means: Basal Metabolism and Body Surface, Jour. Biol. Chem., 1915, 
xxi, 263. 

13. Clinical Calorimetry, Paper 5, THe Arcuives Int. Mep., 1915, xv. 868, 870. 

14. Clinical Calorimetry, Paper 4, THe Arcuives Int. Mep., 1915, xv, 835. 

15. Papers 1 to 8, THe Arcuives Int. Mep., 1915, xv, 793-945; Papers 9 to 
17, Ibid., 1916, xvii, 855-1059. 








Subject, 
Date, 
Weight, 
Surface 
Area, Linear 
Formula 


FP. B.S. . 
3/20/15 
32.09 Kg 
1.124 Sq. M 


J.D. D. B. 
3/26/15 
34.52 Kg. 
1.224 Sq. M 


Raymond M. .. 
4/3/15 
30.41 Kg. 
1.084 Sq. M. 





Henry K 
4/7/15 
35.98 Kg 
1.224 Sq. M. 


Arthur A. . 
4/8/15 
30.50 Kg. 
1.126 Sq. M. 


Leslie B. . 
4/9/15 
23.58 Kg 


1.050 Sq. M. 


Period 


Prelim. 


1 


Prelim 
l 


9 


Prelim. 


1 


» 


l’relim. 


Prelim. 


1 


9 


Prelim. 


Prelim. 


Prelim 


1 


End 
of 
Period 


1:01 


11:06 


1:05 


11:13 


12:13 


Carbon 
Dioxid, 


Gm. 
| 


19.62 
19.41 | 


21.10 


19.21 


| 19.39 


19.46 


| 
19.81 


| 20.97 
20.48 


20.24 
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mens voided between the hours of 9a. m. and 1:15 p.m. Twenty-four- 
hour specimens could not be secured. 

The subjects of the experiments here discussed were all healthy, 
normal boys between their twelfth and fourteenth birthdays. Two of 
them, F. R. S. and J. D. D. B., were related to members of the calorim- 
eter staff, the others were Boy Scouts from one of the suburbs. A 
month or so before the research had been planned the writer had given 
the required physical examination to a group of sixteen Boy Scouts. 
The scout master selected as subjects for the experiments the five who 
most needed to earn money for uniforms. Harry B. was chosen because 
he was a patrol leader and able to-manage the other boys. All the eight 
boys lived in the suburbs except J. D. D. B., who was home on a vaca- 
tion from boarding school. They were all bright mentally and active 
physically, apparently being in constant motion when not studying or 
sleeping. The urine was examined in all cases and found to be normal. 

In order to accustom the boys to the apparatus, they were brought 
to the calorimeter room a week or so before the experiment, sealed 
in the apparatus for a short time and trained in the simple routine. 
This was omitted in the case of F. R. S., who had helped his father 
build parts of the machine and was thoroughly familiar with the work. 
All of the boys considered the adventure as a lark and not one was 
apprehensive. A small breakfast, consisting of an egg, a slice of toast 
and a glass of milk, was allowed them at 7 o'clock, because it seemed 
probable that boys of this age would be ravenous and irritable if sent 
in from the country in a fasting condition. 

The problem of keeping the youngsters quiet for three hours was 
hard to solve. It seemed best to allow them to read for one of the 
hours in a small book with large print. This proved satisfactory, the 
work involved in holding the book and turning the pages was very 
small. During the rest of the time the boys were bored. F. R. S. and 
J. D. D. B. remained quiet for two hours, but the former was so 
restless in the third period that experiments of this length were not 
attempted again. For the six Boy Scouts another expedient was tried. 
All the boys were anxious to earn pocket money and all were liberally 
paid for the experiments. A system of fines was instituted and the 
boys were told that one cent would be withheld for each centimeter that 
the work-adder tallied above 15 per hour. This figure was arbitrarily 
selected since it represents the average activity of a quiet subject who 
turns over once or twice an hour and shifts his position a few times to 
make himself comfortable. The boys took good care not to approach 
the danger mark. After the fine system was started the 15 centimeter 
mark was exceeded in only one period, and the lads as a group were 
the quietest of subjects. 
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The question may be raised as to whether or not the breakfast 
taken by the subjects between 7 and 7:30 a. m. increased the metabo- 
lism between the hours of 11 and 1 o’clock. The standard meal allowed 
consisted of 1 egg, 1 glass of milk and 1 slice of toast with 
butter. They were shown standard portions of these and copied them 
as closely as possible, except Arthur A., who took nothing but 1 egg. 
Che meal contained approximately 17 gm. of protein, 22 of fat and 
30 of carbohydrate, with about enough calories to maintain a boy 
514 hours, if we allow an increase of 20 per cent. over the basal metab 
olism, to cover the journey to the hospital. J. D. D. B., who took 
his breakfast half an hour later than the others, had the lowest metab- 
olism and Arthur A., who took the smallest breakfast, had almost 
the highest heat production. Mr. H. L. Higgins of the Nutrition 
Laboratory in Boston, kindly made a series of observations on a young 
man who took this same breakfast and found that the metabolism 
returned to its fasting level 314 hours after the meal. It may perhaps 
be said that the metabolism was increased by the ride of fifty minutes 
in the train, ten minutes in the street cars and the walk of five minutes. 
The boys all reached the hospital by ten minutes past 9, sat in a chair 
for three fourths of an hour, undressed and lay on the bed within the 
calorimeter at about 10 o'clock, the experiment beginning at 11, or 
three and one half to four hours after breakfast. It will be noted 
that there was no significant drop in pulse rate or metabolism in the 
second periods. It is exceedingly doubtful if the combined increase 
due to the previous exercise, the specific dynamic action of food and the 
quiet reading amounted to 5 per cent. above the fasting level at 
absolute rest. : 

DESCRIPTION OF SUBJECTS 

F. R. S., 12 years and 10 months old. He has been perfectly well except for 
one attack of abdominal pain in 1911, diagnosed as appendicitis. 

Physical Examination.—Short, muscular and unusually well built; no signs 
of approaching puberty; disposition very active. ’ 

This boy was the son of the laboratory technician, who built and still operates 
the calorimeter, and he was thoroughly at home in his surroundings, having 
in fact helped to make the bed on which he lay. He was the only boy placed 
in the calorimeter for an experiment without previously staying for a short 
period in the apparatus. On the morning of the observation he took the 
standard breakfast at 6:40 a. m. While in the calorimeter he read quietly for 
the first hour. In the second hour he tried to sleep and was somewhat rest- 
less for part of the time. In the third hour he read for five minutes, and 
during the remainder of the time was so restless that this period has been 
excluded from the averages. 

J. D. D. B., aged 12 years, 2 months. In 1911 he had measles; about six 
months prior to the experiment he suffered from a number of furuncles in the 
outer ear, and two weeks before the experiment had a cold in the head which 


lasted four days. 
Physical Examination—Very tall for his age, complexion dark, bones long 
and not heavy, very little subcutaneous fat, muscles sinewy ; temperament rather 
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high-strung but under good control; genitalia just beginning to develop; there 
were a few pubic hairs; voice not yet affected. 

On the morning of the experiment he took the standard breakfast at 
7:45 a. m., and came to the hospital in the street cars, being the only boy who 
lived in the city. In the first hour he was almost motionless and slept for a 
short time, and in the second period he read quietly in a small book. 

Raymond M., aged 12 years, 7 months. He remembers that he had whoop- 
ing cough as a baby and that he had measles two years previous to the experi- 
ment. He is short, stocky and muscular, but the thorax is rather narrow with 
a prominent sternum. His complexion is light and his disposition quiet. His 
physical examination is normal except that the right tonsil is moderately enlarged. 
He shows no signs of approaching puberty. 

On the morning of the experiment he took the standard breakfast at 
7:30 a. m. During the first period he read very quietly and in the second 
period tried to sleep. 

Reginald F., aged 12 years, 8 months. He remembers no illnesses except 
measles; he is tall, slim, of graceful build; his hair is brown; the pubic hair 
is just making its appearance and his voice suggests slight change; both 
mammary glands are palpable, measuring about 10 by 2 mm. The left gland 
is slightly tender. 

Standard breakfast at 7:15 a. m. In the first period he was very quiet, 
reading for twenty minutes. In the second period he slept for twenty minutes 
but was restless during the remainder of the time. 

Harry B., aged 13 years, 10 months. Born in England; has been in this 
country eleven years; had measles in childhood and two weeks before the experi- 
ment was sick in bed a couple of days with stomachache. The day before he 
noticed a slight infection of his finger which pained him until it discharged a 
little pus. On the day of the experiment it did not hurt and he felt perfectly 
well. 

Physical Examination—Of moderate height and stocky muscular build, with 
broad shoulders ; complexion fair. The left forefinger is red and slightly swollen 
near the nail, but there is no redness up the arm and no tenderness or swelling 
of the axillary nodes. The genitalia are approaching the adult type in devel- 
opment and there is a scant growth of pubic hair, and the mammmary glands 
are just palpable. The voice has not yet started to change. 

He took the standard breakfast at 7:15 a. m. During tl 
awake but very quiet, and in the second hour he was also quiet, reading for 


e first hour he was 


thirty minutes. 

Henry K., aged 13 years 11 months. Does not remember any illnesses except 
measles. He is tall, fairly muscular and well built except for the chest, which 
is narrow, with a prominent sternum. The upper jaw is narrow with high arch 
and prominent incisor teeth. His complexion is fair, his disposition quiet. The 
only sign of approaching puberty is a scant growth of pubic hair. 

He ate the standard breakfast at 7 a.m. In the first hour of the experiment 
he was practically motionless and in the second hour was very quiet, reading 
for fifty minutes. 

Arthur A., aged 13 years, 8 months. Thinks he had measles and mumps 
when 3 or 4 years of age; three years prior to the experiment he broke his 
femur in a coasting accident. There is now no shortening of the limb. He is 
of slight, sinewy build with well formed chest, but gives the impression of being 
somewhat undernourished; complexion fair, disposition rather nervous; no 
signs of approaching puberty. 

The evening before the experiment he was taken, with the other Boy Scouts, 
to an exhibition drill and in the excitement took no supper except one bun at 
5 p. m. On the morning of the observation in the calorimeter he ate nothing 
but an egg at 7 a. m. He was very quiet both hours, reading forty minutes in 


the second period. 
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Leslie B., brother of Harry B., aged 12 years, 3 months. In childhood he 
had measles and chickenpox. For the last few months he has had no appe- 
tite for breakfast and had suffered from stomachaches. He is of small frame, 
rather thin and undernourished but his color is good and his muscles strong. 
His complexion is fair and his disposition bashful and quiet. His teeth are in 
poor condition and his tonsils are enlarged. In the abdomen several masses 
of constipated feces are palpable. The only sign of approaching puberty is a 
scant growth of pubic hair. 

On the morning of the experiment he took the standard breakfast at 7 a. m. 
In the first period he was quiet, reading for forty-five minutes. In the second 
period he was unusually quiet, sleeping about three-quarters of the time. He 
was perfectly well until he came out of the calorimeter. He then felt faint, but 
recovered quickly. 

DISCUSSION OF RESULTS 

The total heat production in the eight experiments as measured by 
the method of indirect calorimetry was 985.93 calories, by the method 
of direct calorimetry 986.33 calories, a difference of 0.04 per cent. 

A summary of the results obtained on the boys will be found in 
Table 2. It will be noted that the metabolism averaged 32 per cent. 
above the adult figure per unit of surface area according to Meeh’s 
formula, or 25 per cent. above according to linear figure. The true 
significance of these results can be appreciated only if we consider 
the variations in the intensity of metabolism from birth to old age. 
It is for this reason that the results on normal individuals have been 
grouped in Charts 1 to 3. The first (Chart 1) represents the metabol- 
ism from birth to the age of 24 calculated per kilogram of body 
weight. It will be noted in general that the heat production of the 
infants shows wide variations, but at a much higher level than that 
of the adults. A uniform decrease in the metabolism becomes evident 
after the sixth year, becoming less marked after the twentieth year. In 
Paper 4 of this series we have mentioned the disadvantages of using 
the body weight as a basis of comparison of individuals of different 
sizes. Small animals show per kilogram a calorific production so much 
greater than that of large animals that it is almost a waste of time to 
compare children and adults by using this standard. For clinical pur- 
poses, however, the body weight is a convenient guide. 

Chart 2 shows the metabolism from birth to the age of 24 expressed 
in terms of calories per square meter of body surface as determined 
by Meeh’s formula. Lines have been drawn showing as nearly as 
possible the averages for males and females. It will be seen that the 
metabolism is low at birth, increases rapidly during the first year, 
reaches its maximum in the almost unexplored period between the 
ages of 1 and 6, falls quite rapidly until the age of 20, then very slowly. 
During infancy there is no apparent difference between the sexes, but 
after the age of 6 the girls and women have a distinctly lower 


metabolism. 
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Chart 1—Variation of basal metabolism with age: Calories per hour per 
kilogram of body weight. 
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In Papers 4 and 5 we have shown the reasons for preferring the cal- 
ories per unit of surface area as a guide for the intensity of the metab- 
olism, and have also shown the errors and limitations of Meeh’s for- 
mula which has been the standard for so many years. The fact that the 
formula shows an average plus error of 16 per cent. scarcely affects its 
value for purposes of comparison with subjects of usual build. On the 
other hand, the tendency of this error to be much smaller in the case of 
thin subjects and larger in the case of fat ones, is of considerable 
importance. New-born infants are relatively thin, older children rela- 
tively chubby until the age of 4 or 5, when they grow taller and thinner 
until puberty. Women tend to put on weight after 30 and men do so 
five or ten years later. If, therefore, we try to correct the curve for 
these errors in Meeh’s formula we find that the peak in early childhood 
will be accentuated and the rest of the curve flattened out. 

Chart 3 gives the results for males expressed in terms of calories 
per square meter of body surface as determined by the new so-called 
“Linear Formula.” It will be seen that the metabolism of the adults 
is somewhat more uniform and that the boys average only 25 per cent. 
above the adult level instead of 32 per cent. as in the previous chart. 
This indicates a true increase of 25 per cent. above the heat production 
which a group of normal adults would show if they were the same size 
as the boys. For purposes of comparison the metabolism of the infants 
has been recorded in terms of Lissauer’s Formula.” 

When we consider the question of the metabolism in the first year or 
so of life we must remember that the infant differs greatly from the 
adult in the proportions of the body and the relative size of the various 
organs. A baby 51% feet tall would be a short legged, long bodied 
monster with an enormous head. He would have a very large liver 
and a comparatively large thyroid gland. At birth the liver comprises 
4.5 per cent. of the body weight and during adult life less than 3 per 
cent. Since this is supposed to be a gland of high metabolic activity, 
one would naturally expect an increased heat production in an organism 
with a relatively large liver. Still more important in regulating metabo- 
lism is the thyroid gland, which is considered to be three times as large 
in the new-born as in the adult, although recent measurements by 
Parski makes the figures somewhat smalier. Thyroid secretion has such 
a marked effect on development that it is quite possible that the gland 
is relatively more active in childhood. Some might even argue that the 
increased metabolism of this period is in itself evidence of a greater 
activity of the thyroid. Such a theory would be unwarranted unless 
supported by a greater number of facts than are now available. It 
should be remembered that the phenomena of growth are not so very 
different with invertebrates which have no thyroids. 
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The Sage calorimeter has recently been able to throw an interesting 
sidelight on the relationship of body form to metabolism. Two men 
who in youth had lost both legs in accidents, were studied in the 
respiration chamber and the surface area determined by formula and 
actual measurement. The one who was fat showed a metabolism only 
4 per cent. above the normal average; the one who was muscular was 
2 or 3 per cent. above. These men resembled infants in the relative 


proportion of body to extremities. This indicates that the law of sur- 


face area holds true under dissimilar physiological conditions such as 
are found in legless men. The high metabolism of infants is not there- 
fore, due to the differences in body shape and body composition. 

These factors are almost entirely ruled out in the case of the boys 
12 and 13 years old. At this age the body has assumed almost the 
adult proportions and the liver and thyroid are not much larger in 
proportion to the body weight than in later life. The metabolism of 
these boys is very much higher than that of adults. It is rather a 
striking fact that the metabolism was distinctly higher in the boys 
who showed no signs of approaching puberty than in those who showed 
traces of pubic hair and increasing development of the genitalia. It 
is hoped that the same group of boys can be studied at intervals during 
pubescence. These boys can be compared with the case of infantilism 
studied by McCrudden and Lusk in the calorimeter of the Department 
of Physiology of the Cornell Medical College. This dwarf, who was 
17 years old, and about the size of an average boy of 6 years, showed 
a metabolism of 23.3 calories per hour per square meter (Meeh), which 
was 7 per cent. below the adult normal average. 

The growth of children in length and weight is very rapid during 
the first two years of life and then decreases somewhat between the 
ages of 8 and 12. Following this is a period of increased growth, with 
relatively greater gain in stature than in weight. This begins in almost 
all the nations at the age of 12 or 13 in boys and reaches its height 


2 -16 - 


between the thirteenth and fifteenth years. The figures of Boas*® and 


18 


Burk" are well worth consulting, and Wiener’s'’ measurements of 


three of his sons show this increase in the period of prepubescence 
very clearly. The curve of weight is somewhat different, since boys 
become relatively thinner as they grow tall and do not fill out again 
16. Boas: The Growth of Toronto Children, Report U. S. Commr. Educa- 
tion, 1896-97, ii, 1541. 
17. Burk: Growth of Children in Height and Weight, Am. Jour. Psychol., 
1898, ix, 253. 
18. Wiener: Das Wachstum des menschlichen K6rpers, Karlsruhe, 1890. 
Chart reproduced in Burk’s paper (note 17) and also in Hall’s Adolescence, 


New York, 1904. 
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until puberty is well established. In the case of girls the period of 
increasing growth comes a year or two earlier. 

In adult life the nearest approach to the growth of childhood is 
found in the period of convalescence from acute infectious diseases. 
The fact that the metabolism is increased at such times was demon- 
strated by Svenson, Rolly and others. Coleman and Du Bois’® have 
shown that after typhoid the metabolism which falls to normal at the 
end of the fever, may rise to an average of 17 per cent. above normal in 
the second and third weeks of convalescence. It is significant that the 
body which is repairing the losses of protein and fat during the fever 
should be maintaining its metabolism at a level which approaches that 
found in childhood. It is also significant that a second peak in the 
curve representing the heat production at different ages is found in the 
case of these boys just at the period of a renewed increase in the rate 
of growth. The evidence points toward a specific increase in the 
metabolism of the growing organism. 

There is no apparent explanation for the fact that the metabolism 
was higher in the boys who showed no signs of approaching puberty 
than in the others. It is difficult to explain the low metabolism of new- 
born infants. It must be considered, however, that the unborn baby is 
essentially similar to an internal organ which is practically free from 
the play of external physical stimuli. Under such conditions the heat 
production must be on a different level from that in later life after a 
fuller development of the neuromuscular elements has been completed. 


SUMMARY AND CONCLUSIONS 


Eight normal boys, 12 or 13 years old, were studied in the respira- 
tion calorimeter four to six hours after a small breakfast. They were 
allowed to read for one of the two experimental hours, but were very 
quiet. The methods of direct and indirect calorimetry agreed within 
0.04 per cent. Their heat production per unit of surface area was 32 
per cent. higher than the adult level according to Meeh’s formula, or 
25 per cent. higher according to the more accurate “Linear Formula.” 

In studying the effect of growth on metabolism, interpretation of 
the results obtained on infants is complicated by the fact that babies 
differ greatly from adults in the proportions of the body and the relative 
size of the viscera, notably the liver and thyroid. Boys just before the 
onset of puberty have almost adult proportions. They are in the midst 


19. Coleman and Du Bois: The Influence of the High Calory Diet on the 
Respiratory Exchanges in Typhoid Fever, Tue Arcntves Int. Mep., 1914, xiv., 
168; also Clinical Calorimetry, Paper 7, ibid., 1915, xv., 887. 
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of a period of accelerated growth. The fact that the metabolism is 
high, points to a specific increase in the metabolism of the growing 
organism. 


The writer wishes to thank those whose assistance made this research possible. 
The electrical measurements were made by Mr. F. G. Soderstrom, the residual 
analyses and calculations by Dr. A. L. Meyer and the calculations were checked 
by Miss Grace Sims. Urinalyses were made by Mr. F. C. Gephart and Mr. R. 
H. Stone. 
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THE BASAL METABOLISM OF NORMAL ADULTS WITH 
SPECIAL REFERENCE TO SURFACE AREA* 
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Since the writing of Paper 4 of this series an unusual amount of 
work has been published on the subject of the normal metabolism. It 
is now possible to calculate the normal baseline much more exactly than 
a year ago and it is therefore necessary to reconsider the whole ques- 
tion at this early date. The figures representing the average normal 
metabolism have been changed frequently since the study of the respira- 
tory exchanges began and it may be said that the chief advance has 
depended on the fact that it has been possible to make the variation 
in the normal smaller and smaller each year. With the oldest type of 
large respiration chamber the range of heat production fluctuated enor- 
mously with the uncontrolled influences of muscular activity and the 
specific dynamic action of food. With the improved technic of 
Johansson and with the small apparatus of the Zuntz school these fac- 
tors were eliminated, but errors due to changes in the calorific factors 
for O, and CO, remained. The normal variation was frequently quoted 
as from about 2.5 to 5.0 c.c. O, per kilogram and minute with a mean 
of about 3.5 c.c. Under these conditions a pathological departure from 
the average normal as great as 40 per cent. might be obscured. In 
1914 Coleman and Du Bois? gathered 48 controls from various sources 
including seven studied in the Sage calorimeter and gave the figure 
34.2 calories per hour as the average heat production per square meter 
of body surface as determined by Meeh’s formula. They pointed out 
that the normal variation was only plus or minus 10 per cent. if the 
surface area were used as a standard. In Paper 4 of this series." on 
the basis of a much larger number of controls, we selected the average 
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figure of 34.7. Since then Benedict, Emmes, Roth, and Smith* have 
published the details and have discussed their experiments which were 
only briefly reported at the time of our last publication. They found 
the metabolism of vegetarians to be practically the same as that of 
nonvegetarians, while the athletes average 7 per cent. higher than the 
nonathletes used as controls. This is accounted for in part by the fact 
that the athletes were somewhat younger than the controls with whom 
they were compared. The average age of the fifteen athletes was 2214 
years and the average heat production 40.7 calories per square meter 
per hour as recalculated according to the height-weight chart. This 
is only 2.5 per cent. higher than our standard for normal men. Benedict 
and his co-workers have pointed out the fact that the younger subjects 
show a higher metabolism and that the heat production is much lower 
when the subject is asleep at night than when he is awake in the day 
time. They have found the metabolism of women average about 6 per 
cent. lower than that of men. The extremes of variation in the oxygen 
consumption of the same man over the course of months and years 
are shown in a very instructive table of thirty-five subjects. Eleven 
show a variation less than 10 per cent., eighteen show from 10 to 20 per 
cent. and six a difference of 20 to 31 per cent., the average variation 
being 13.9 per cent. It must be remembered that this table shows the 
extremes, giving the percentage increase of the very highest period over 
the very lowest. The results in an early morning period when the 
subject was asleep may be contrasted with an afternoon period when he 
was awake and weary of experimentation. The “Universal” respira- 
tion apparatus with which these tests were made can be used only for 
periods of 10 to 20 minutes and with some people there may be a con- 
siderable amount of discomfort from the mouth or nose pieces. On 
the whole it is quite remarkable that the extremes of variation are not 
greater. It is to be hoped that the details of this table will be published 
so that we may estimate the frequency with which observations under 
similar conditions show results which differ materially from the aver- 
age. Benedict also calls attention to the variation of the metabolism 
of different individuals according to body weight and surface area. 
Palmer, Means and Gamble* have studied a considerable number of 
normal men and women and have found that the creatinin elimination 
bears a constant relationship to the basal heat production. Means® has 


3. Benedict, Emmes, Roth and Smith: Jour. Biol. Chem., 1914, xviii, 139. 


Benedict and Roth: The Metabolism of Vegetarians as Compared with the 
Metabolism of Non-Vegetarians of Like Weight and Height, ibid, 1915, xx, 231. 
Benedict and Emmmes: A Comparison of the Basal Metabolism of Normal 


Men and Women, ibid, xx, p. 253. Benedict and Smith: The Metabolism of Ath- 
letes as Compared with Normal Individuals of Similar Height and Weight, 
ibid., xx, p. 243. Benedict: Factors Affecting Basal Metabolism, ibid, xx, p. 265. 
4. Palmer, Means and Gamble: The Basal Metabolism and Creatinin Elim- 
ination, Jour. Biol. Chem., 1914, xix, 239. 
5. Means: Basal Metabolism and Body Surface, ibid, 1915, xxi, 263. 
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calculated out the metabolism of these same subjects according to 
square meters of body surface as determined by Meeh’s formula and 
by the new linear formula described in Paper 5 of this series. The 
average figure for men according to Meeh’s formula was 33.2 calories 
per hour, according to the “Linear Formula” 39.6. The averages for 
women were lower, Meeh’s formula 29.9, “Linear Formula” 38.2. The 
greatest variation from the average was 12.3 per cent. according to 
Meeh’s formula and 7.9 per cent. according to the linear, the mean 
variations were 4.8 per cent and 4 per cent., respectively. Means® 
has also shown that the apparent depression of metabolism in obesity 
in most cases was due to the large plus error in Meeh’s formula, and 
that according to the linear formula his two very stout subjects came 
within normal limits. 

In Papers 5 and 9 in this series attention has been called to the 
variable plus error in Meeh’s formula, which averages about 15 per 
cent., and a formula based on linear measurements has been described. 
In Paper 10 a “Height-Weight” formula is given which makes it pos- 
sible to determine the approximate surface area of subjects described 
in publications in which the height and weight are stated. Results 
expressed in terms of square meters of surface area are comparable 
if either the linear formula or “Height-Weight Formula” be used, but 
are about 15 per cent. higher than if Meeh’s formula be applied. This 
necessitates the use of two different sets of figures to represent the 
average metabolism of men between the ages of 20 and 50—39.7 calor- 
ies per square meter per hour according to the linear formula, 34.7 
calories according to Meeh’s formula. In Paper 11 it is shown that the 
metabolism is slightly lower in the semireclining posture than flat in 
bed. In Paper 12 the increase in metabolism during the period of 
growth is discussed in detail. 


METHODS AND SUBJECTS 


The methods described in Paper 4 of this series were followed 
in the present work. Many of the subjects have been reported in pre- 
vious papers. 


Morris S., former typhoid patient, is reported in Paper 6 where the history 
and experimental data are given. At the date of the experiments here discussed 
he was in perfect health. Dec. 17, 1914, a basal determination was made and 
the next day between 8:40 and 9:20 a. m. he ate the protein meal, consisting of 
110 gm. egg white, 21 gm. egg yolk, 600 c.c. fat-free milk, 150 gm. pot cheese and 
10 gm. lactose. This according to analysis of the cheese and milk contained 9.6 
gm. nitrogen. He was quiet throughout the experiment and during the third 
hour slept for forty minutes. The metabolism was much lower during this hour 
and it should be excluded from the averages. 

Albert G. Normal control whose history is given in Paper 12. Dec. 30, 1914, 
he was given 79 gm. olive oil at 10:15 a.m. During the first and second periods 


6. Means: Studies of the Basal Metabolism in Obesity and Pituitary 
Disease, Jour. Med. Research, 1915, xxvii, 121. 
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he slept fourteen and ten minutes, respectively. Jan. 4, 1915, at 10:13 a.m. he 
was given 115 gm. commercial glucose, the equivalent of 100 gm. pure dextrose. 
He slept most of the first period. In the third period the CO: and O, measure- 
ments were lost. The experiment was repeated two days later. 

A. P. C., normal control, male, 24 years old, 179.4 cm. tall; medical student 
in good health. 

Jan. 21, 1915, after having been on a low nitrogen diet for several days a 
basal determination was made. 

R. H. S. history in Paper 12. 

E. F. B. D. history in Papers 4 and 12. 

Emma W., normal control. History in Paper 9. She was in unusually good 
health and was able to take violent exercise. Her menses were regular and 
not profuse. On examination of the heart there was a marked respiratory 
allorrhythmia and also an ocasional premature systole. Several electrocardio- 
graphic plates were taken but no abnormal beats photographed, although it was 
possible to see the typical large diphasic swing of the shadow several times. 
The first experiment was made May 13, which was the second day of the cata- 
menia. To control this factor a second basal determination was made May 
17, the third day after the flow had ceased. She was almost motionless both days 
while in the calorimeter. 


AVERAGE BASAL METABOLISM OF MEN 


In Paper 4 the results of respiration experiments on 96 men were 
considered. To this group may be added the nine men of Palmer, 
Means and Gamble and the four men studied in the Sage calorimeter, 
Morris S., Albert G., R. H. S., and A. F. C. If we tabulate the results 
according to the surface area as determined by Meeh’s formula there 
is no need to change the conclusions expressed in Paper 4. The aver- 
age of the new cases is 33.6 calories per square meter per hour as 
opposed to the former figure of 34.7. It does not seem necessary to 
change the base line again. The greatest variation from the mean is 
12.3 per cent. as mentioned previously. 

In Paper 4 of this series the results in five cases are given in terms 
of calories per square meter as determined by the new “Linear For- 
mula.” Adding the four new cases of this paper we have a total of nine 
normal men whose surface area has been accurately measured. The 
average basal metabolism is 39.7 calories per square meter per hour 
(“Linear Formula’). The extremes of variation from the average are 
+ 4 per cent. and —6 per cent. John L., who was 44 years old, could 
not be found and measured. His results would probably have been 
further from the average. Means,* who measured his nine subjects by 
the same method, obtained an average figure of 39.6. Until we have 
a larger number of subjects measured in this manner the figure 39.7, 
given above, will be considered the standard with which all results are to 
be compared. 

The results obtained by Benedict, Emmes, Roth and Smith may 
also be recalculated by means of the new “Height-Weight” chart. If 
we take the seventy-nine men between the ages of 20 and 50, who were 
of average body shape, and calculate the calories per square meter per 

















hour, we obtain the figure 38.9. While this figure is slightly lower than 
ours, it must be remembered that it was obtained by means of the 
Benedict apparatus with periods only fifteen to twenty minutes long. 
For these periods the subjects can remain absolutely motionless, some- 
thing impossible in calorimeter experiments two to four hours long. 
It seems preferable to use the average normal obtained in the calorim- 
for pathological cases studied in the same 


a standard 


eter as 
apparatus. 
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TABLE 1.—Data 
Subject, | | | | 
Date, End | Carbon | Urine N | Indirect Heat 
Weight, Period of | Dioxid, | Oxygen, R. Q. Water, per | Calo- Elimi 
Surface Period | Gm. Gm. | Gm. Hour, rimetry, | nated, 
Area, Linear | Gm. Cal. Cal. 
Formula | 
Albert G. ..........| Prelim. 11:15 
12/30/14 
64.91 Kg. 1 12:15 23.94 21.20 0.821 30.81 0.418 70.78 74.34 
1.657 Sq. M. 
2 1:15 22.70 20.31 0.813 29.14 0.418 67.63 73.41 
3 2:15 25.40 21.21 0.871 30.47 0.380 71.81 73.78 
4 8:15 24.37 22.30 0.795 30.84 0.380 74.07 74.99 
284.19 
Albert G. .... Prelim 11:12 
1/4/15 
65.64 Kg 1 12:13 29.97 23.79 0.916 31.60 0.445 81.58 81.87 
1,665 Sq. M. 
2 1:12 29.29 20.73 1.0 29.44 0.445 72.45 77.98 
153.98 
Albert G. . Prelim. 1:11 
1/6/15 
66.16 Kg. l 12:11 $2.55 22.59 1.05 00.38 0.509 19 77.67 
1.671 Sq. M. 
2 1:11 30.64 22.69 0.982 8 0.509 78.7 85.06 
3 2:11 29.03 21.73 0.972 60 0.509 75.20 77.68 
4 3:11 24.90 22.03 0.822 34.77 0.509 73.54 81 
ww .65 
A. F.C . Prelim 8:48 
1/21/15 
69.22 Keg. 1 9:48 24.17 21.28 0.826 7.28 0.261 71.51 73.07 
1.792 Sq. M. 
2 10.48 23.19 20.33 0.830 27.49 ( l 68.44 - 
139.95 
Emma W Prelim 10.41 
5/13/15 
57.38 Ke. 1 11:41 18.22 16.44 0.806 1.75 0.40 54.60 
1.64 Sq. M 
2 12:41 18.41 16.18 0.827 d11 0.402 OF 56.21 
108.54 
Emma W Prelim. 11:00 
5/17/15 
57.26 Ke 1 12:00 18.55 16.06 0.840 9.15 0.214 4.18 50.86 
1.64 Sq. M. 
2 1:00 18.86 16.77 0.818 27.93 0.214 6.21 52.26 
110 bt] 





or— 
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EXPERIMENTS 
Per Cent Calories 
Rectal Aver Work Non Calories from per Hour 
remp., age Adder, | protein Remarks 
>ulse Cm. . 2. 
. Pulse —_ R.Q Pro Carbo Per Per Sq. M. 
tein Fat hyd kg (Meeh 
~~ Olive oil, 79 gm 
10:15 a. m 
6.91 7 12 0.8 It 1.000 ) Asleep 10 min 
61 7 0.81 lt 4 A) 4 34.00 Asleep 10 min 
Re 64 10 0.88 4 1.104 6.10 Awake 
6.84 62 13 0.79 l ( l4l 4 Awake 
Commer. glucose, 
6.88 115 gm.; water, 
00 c.c., 10:13 a.m 
é 7 ( 4 l s i 40.7 Asleep 
D 17 1.08 lf s4 04 6.35 Awake 
Com.glu.,115 gn 
mon juice, | 
6.04 ° c.c.; water, 125 c.« 
at 10:ll a.1 
8 66 ll 1.11 l 8 7 Quiet 
SS 64 1.02 17 ) 8 Quiet 
s 1.01 1s J 8 i Restless 
{ 15 8 18 4 I Fairly q t 
° Basal; low ‘ 
gen diet 
f 68 0.83 v s l 14 Restless 
iS 74 0 0.84 10 ) 0 5 Restless 
4 Basal: day of 
catame i 
60 0.81 0 8 si Almos ( 
less 
~ S 6 O8 0 4 4 40 44 A st 
Basal 
8 7 4 ).85 1 4 44 4 Almos 
“) 4 i» { 0.08 7 Aly st 
less 


If we apply the “Height-Weight Formula” to the averages of the 


68 women given by Benedict and Emmes’ on page 256, we find that 


the approximate surface area for the average weight of 54.5 kg. and 


average height of 162 cm. is 1.57 sq. meters. This would make their 
Ss da 


average heat production per hour 35.9 calories per sq. meter, and if 





7. Benedict and Emmes: A Comparison of the Metabolism of Normal Men 
and Women. Jour. Biol. Chem. 1915, xx, 253. 








908 THE ARCHIVES OF INTERNAL MEDICINE 


TABLE 2.—SumMary or REsuLTS witH NorMAL Svusjects 
(ALL MEN EXCEPT EMMA w.) 


Sq. M. | According to | According to 
Surface Area Meeh’s Formula | Linear Formula 
. j Varia- Varia 
Name | Age, | Average | Height, Linear Cal tion Cal. tion 
Years; Weight, | Cm. Meeh’s | Formula per | from per from 
| | Kg. | | For- or Sq. M. Aver Sq. M. | Aver- 
| mula Mea- per | age, per age, 
sured | Hour per Hour per 
| | Cent. Cent 
| | 
Morris 8. ... 22 61.21 164.3 1.912 1.644 35.2 +1 41.2 + 4 
Albert G. ... 24 65.90 162.2 | 2.008 | 1.667 34.3 —1 41.2 +4 
R. H.S.*.....| 21%] 64.36 194.2 | 1.977 | 1.830 34.6 ~0 37.4 8 
E..F.D. B...| @ | 74.64 179.2 2.183 1.906 32.9 —K 37.7 5 
| | 
A.F.C......] 2% | 6922 179.4 2.076 | 1.792 83.7 3 39.1 —2 
| 
| | | | 
Emma W ... 26 | 57.32 164.8 | 1881 | 1.642 29.9 8 33.3 —W 
Average for men... 34.7 | 39.7 
32.3 37.0 


Average for women.. 


* Unusually quiet subjects 


TABLE 3.—Tue Basat MetapotisM DETERMINATION OF AVERAGE NORMAL FOR 
Men Between Aces or 20 anp 50* 





Average 
Details | Calories per 
Name Published in | Sq . 
Paper per Hour, 
Linear Formula 
G.I 4 0.7 
E. FP. D. B. .. ecee Seecee ° 4 and 11 89.4t 
BR. TE. Bh. woccccce pacesenecceseosecss 4 0.9 
Be. Ge Bh. coc ccccscceces pcececececse 4 0.5 
a Be GR caccesoencces : sadbneséamasoes 4 87.7 
Morris 8. .. é 7 41.2 
Albert G. ...... pes - ose see ll and 13 41.2 
BT BD wccsccce ° oowe eee 11 37.4 
A. F. C. saee jocianevenseesieteneninens 13 39.1 
Average, Sage normal controls.................6.eee000s 39.7 
Average, Means’ norma! controls... 39.6 
38.9 


Average, Benedict s normal! controls.. 


* Average calories per square meter per hour, acording to the “Linear Formula,” of men 


examined in Sage calorimeter. It has been impossible to find John L. and measure his 


surface area. 
+ Average of four basal experiments, Paper 4, first experiment Paper 11. 
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we add to the group the seven women studied by Means® the average 
for the whole would be 36.9 calories, a figure which may be adopted 
as the standard for normal women. This shows that the metabolism of 
women is about 7 per cent. lower than that of men, a figure in agree- 
ment with the conclusions of Benedict and Emmes. 





TABLE 4.—A Comparison oF THE METABOLISM OF FAT AND THIN SvuBJECTS 
TAKEN LARGELY FROM THE WorK oF BENEDICT, 
EmMes, RotH AND SMITH 

















Per Cent. | Per Cent. 

Deviation from Calo- Deviation from Calo- 
Normal Average, ries | Normal Average, ries 

34.7 39.7 per Kg. 32.3 36.9 per Kg 
Name oa per Name | per 
| Meeh’s Height- | 24 | Meeh’s Height- 24 

| For- Weight | Hours | | For- Weight Hours 

} mula Formula | | |; mula Formula 
Fat Men Fat Women— 

Wee Mb encdeacecel — 12 + 5.0 22.8 | Dv. TE. Ds ccc st 11.2 - 10 18.9 
@. F. Th. cose — 8.6 - 0.5 CS F Gibinsiwises — 9.6 0.0 19.5 
Prof. C. ..... —15.1 —120 | 19.9 H. H. .. ee 17.0 7.0 18.0 
PM. B. BE ccecss — 6.9 — 40 22.7 Bi. Dy coccece —10.3 + 1.0 20.1 
2 eee — 6.1 — 3.0 29 | F.M.R.*.....) —68 + 7.0 21.0 
BA Be rccceses —13.5 + 1.0 19.7 

Ree Bo Were ccs —16.9 0.0 18.6 

Average.... —76 | — 40 21.9 Average.... —12.2 | 00 | 19.4 

Thin Men— | Thin Women— 

B.A. C.... +11.3 — 2.0 29.7 Be Be ecocceees +12.5 + 2.0 $1.7 
BD. BO, cosces +72 | — 60 29.8 B, By coccvee + 9.6 — 5.0 22.0 
L. E. A. , + 7.6 — 20 29.5 BD. We ccoceces —12.2 + 7.0 $1.5 
A. Fa @ cave — 08 —10.0 27.0 A. G. scc.cces — 0.5 — 8.0 27.4 
Tq ccocccocese — 21 — 70 26.9 

Bee BR sccocece — 6.7 —13.0 24.9 
Average.....| + 6.4 — 5.0 29.0 Average.... + 4.2 — 40 29.1 


* Means’ subjects. 
A COMPARISON OF FAT AND THIN SUBJECTS 


In Paper 4 of this series attention was called to the fact that in the 
case of fat individuals Meeh’s formula would give a figure for the 
calories per square meter which would be very much too low. It might 
have been added that in the case of thin subjects the figure would 
be very much too high. The male subjects of Benedict and co-workers 
were plotted in our previous paper according to height and weight, and 
on account of the above mentioned errors six fat men and two thin 
ones were excluded from the averages. Now that it is possible to 
correct the error in Meeh’s formula it has seemed advisable to compare 
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the metabolism of the fat and thin groups. A table compiled by the 
insurance companies showing the average weight of the male applicants 
between the ages of 25 and 29 years for different heights was taken 
as a standard. Those subjects whose weight departed more than 20 per 
cent. from this standard were considered either fat or thin. H. F. was 
excluded on account of old age, two more thin men, L. E. A. and 
A. F. G., were included in the new list. The fat and thin women were 
tabulated and three stout subjects of Means® added to the list. The 
results given in Table 4 are expressed in terms of variation from the 
averages for all normal controls, 39.7 calories per sq. meter per hour 
“Linear Formula” for the men and 36.9 for the women. According to 
body weight the fat and thin groups show a difference of 41 per cent. ; 
according to Meeh’s formula 15 per cent., according to the “Linear 
Formula” 3 per cent. This shows that Rubner’s law that metabolism 
is proportional to surface area holds for fat and thin subjects and that 
we can safely use our new baseline for hospital patients whether they 


be fat or thin. 


TABLE 5.—Basat METABOLISM oF NorMAL MEN AND WoMeEN 40 To 60 YEARS 
Oxtp, RECALCULATED IN TERMS OF SURFACE AREA BY 
THE “HeEIGHT-WEIGHT” FoRMULA 


Per Cent. 
Deviation from 
Subject Investigators Age, Years Average Cal 
per Sq. M. 
per Hr. 
(20-50 Yrs.) 


Men Av. 39.7 
A. L.. . B. E. R. and S. . ‘ 40 — 2.0 
F.G.B . B. E. R. and 8... , 41 8.0 
De. BP. BD. cecceses , B. E. R. and 8. ... oe 41 12.0 
De. B. ccoece es .| B. E.R. and &. .. - 4 20.0 
Prof. Z. M-L. and F. . - 43 5.0 
John L. G. and D. B. ... es 44 12.0 
G. Dee cocce G. and D. B. ....* ‘ 47 + 3.0 
_ ae ‘ M-L. and F. .. : — 5.0 
RB. J. W. .. , B. E. R. and S. .. s 17.0 

Women....... Seo ceceshocceccovesesesocosose Av. 36.9 
B. K. . os M-I.. and F.... : 40 +10.0 
Mrs. H. D. ..... : B. E. R. and §. .. - 42 1.0 
Dr. M. D. . , B. E. R. and 8..... - 44 — 10 
Mrs. 8. C. B. E. R. and S. .. 52 —12.0 
Mrs. E. B. .... ° B. B. BR. GOS D. cccccccccccccsecss 3 -10 

Average, men and women... 40 to 50 | 4.3 

) to 0 —11.3 


Average, men and women 
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INFLUENCE OF AGE 
In Table 5 are grouped the corrected results for the normal controls 
between 40 and 60 years of age. In Paper 4 the subjects between the 
ages of 20 and 50 were grouped together, but it is apparent that the 
average metabolism between the ages of 40 and 50 is 4.3 per cent. 
lower than that of the whole group, while those between 50 and 60 are 
11.3 per cent. lower. It is necessary to use a lower figure for the 
baseline after the age of 50, and perhaps advisable to make the change 
at the age of 40. 
VARIATIONS IN METABOLISM 
We have already spoken of the extremes in the oxygen consumption 
of the same individual during the course of months and years as 
reported by Benedict. Only a few of the subjects here reported have 
been studied over long enough periods to give much evidence on the 
question. The basal metabolism of E. F. D. B. was 35.91 calories per 
square meter per hour on March 13, 1913, the first time he was in the 
calorimeter, when he was somewhat restless. In May, 1913, it was 
33.29; in March, 1914, 34.09; May, 1914, 32.97; May, 1915, 32.86. 
The extreme range was 9 per cent., and, excluding the first experiment, 
3.7 per cent. Albert G. showed a variation of 6.4 per cent., the metabol- 
ism being unusually low on December 28, when he dozed during the 
two-hour experiment. In Paper 7 it will be noted that the curves 
representing the metabolism of the typhoid patients are very uniform. 


INFLUENCE OF FOOD 

In a footnote to Paper 4 it was stated that Morris S. showed a rise 
of 6.5 per cent. in metabolism two to six hours after a meal containing 
9.6 gm. nitrogen. On recalculation the rise during the period turns out to 
be 7.4 per cent., and if we exclude the third period when he slept forty 
minutes, 11.9 per cent. This corresponds with the rise of 12 per cent. 
found in the case of E. F. D. B. after a similar meal containing 10.5 gm. 
nitrogen. Albert G. on January 6, one to four hours after 115 gm. of 
commercial glucose, the equivalent of 100 gm. dextrose, showed an 
average metabolism 11 per cent. higher than the basal determination 
two days later. This corresponds with the average of 9 per cent. 
obtained with G. L. and E. F. D. B. in the previous investigation. The 
one experiment on Albert G. one to five hours after 79 gm. olive oil 
showed little increase in metabolism. Fat exerts its chief specific 
dynamic action in the period immediately succeeding the hours studied. 
The glucose experiment on Albert G. January 4 was too short to be of 


value. 
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TABLE 6.—Water ELIMINATION THROUGH SKIN AND LuNGs. Normat Con- 
TROLS IN CALORIMETER. BASAL METABOLISM EXPERIMENTS 











Average Average Per Cent. Per Cent. 
H:0 Calories Cal. Lost | Deviation 
Name and Date Gm. per | per Hr. | through | from Mean 
Hr. | Dir. Cal. Vaporization 23.9% 
| | | 
apenas sat eae ————— — clinsetiiachine 
G. L. 
3/11/13 87.44" 80.88 27.3" +14 
| 
E. F. D. B. 
3/13/13 27.22 75.20 21.1 12 
5/17/18 32.30 71.44 26.4 +10 
3/30/14 30.52 | 75.78 23.5 
5/18/14 28.06 68.69 23.9 +0 
5/ 6/15 $2.21 } 72.71 25.9 + 8 
F.C. G. 
3/17/13 19.45 57.19 19.9 —17 
4/22/13 27.44 60.72 26.4 | +l 
R. H. H. 
3/19/13 28.41 69.77 | 23.8 —0 
Louis M. ! | 
3/26/13 27.15 67.40 23.6 | —1 
John L. | 
3/26/14 24.78 | 61.10 | 23.7 . | —1 
| 
Cc M. | | 
5/ 4/l4 27.80 70.21 23.1 —3 
Albert G. 
2/21/14 $1.58 71.68 25.7 +7 
12/28/14 26.12 71.20 21.4 —10 
} 
lf 8/15 29.37 69.82 24.6 | +3 
R. H. 8. | | 
4/19/15 26.27 72.08 21.3 —11 
Morris 8. | 
12/17/14 | 27.06 70.33 22.5 — 6 
| | 
A. F.C. 
1/21/15 27.39 60.90 26.3 +10 
i 
Av. 18 experiments on | 
Bic cc ccccscececese 28.4 | 23.9 
Emma W. 
5/13/15 30.43 52.06 34.1 +42 
5/17/15 28.54 51.01 32.6 +36 


* Much more warmly dressed than the otber subjects. 


WATER ELIMINATION 


In Table 6 the water elimination from skin and lungs is given for the 
twenty basal experiments on normal adults. The first column expresses 
the averages for each experiment in grams per hour. Each gram vapor- 
ized at 23 C. represents the loss of 0.584 calories. The second column 
gives the average calories produced per hour as measured by the method 
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of direct calorimetry. The third represents the percentage of calories 
lost through vaporization. It will be seen that normal men dressed in 
underwear and pajamas in a well ventilated box at 23 C. give off 
between 19 and 32 gm. of water per hour, dissipating in this manner 
between 20 and 27 per cent. of the total heat produced. The average 
figures are 28.4 gm. per hour and 23.9 per cent. of the calories. Eighty- 
three per cent. of the eighteen experiments come within 10 per cent. 
of this last figure. 

There are many factors which influence the amounts of water given 
off by skin and lungs, the most important being the amount of water 
previously ingested, the amount of clothing, the temperature and humid- 
ity of the air and the rise or fall of body temperature. The amounts 
eliminated in consecutive hours may vary greatly and even transient 
emotions may cause sweating. The subject is too complicated to be 
treated in this short paper and is reserved for later discussion. 


TABLE 7.—StTANpDARDS oF NorMAL METABOLISM. AveRAGE CALORIES PER 
Hour Per Souvare Meter or Bony SurRFACE 





According 

According to to Linear and 

Subjects, Age in Years Meeh's Formula Height-Weight 
Formulas 


Boys, 12 to 13 45.7 49.9 
Men, 20 to 50.. 34.7 39.7 
Women, 20 to 30 32.3 36.9 
Men, 530 to 60..... 30.8 35.2 
Women, 30 to @ i aausebeuss 28.7 $2.7 


SUMMARY AND CONCLUSION 


The basal metabolism of four normal men and one woman has been 
determined and experiments have been made on the specific dynamic 
action of protein and glucose. A study of the new controls, together 
with those reported in the literature since our last publication, supports 
the views previously expressed. There is no reason to change the state- 
ment made in our previous paper, that if a given subject’s basal metab- 
olism is more than 10 per cent. from the average, it may be regarded as 
abnormal, but cannot be proved abnormal unless the departure from 
the average is at least 15 per cent. The average basal metabolism of 
normal men is 34.7 calories per square meter per hour as determined 
by Meeh’s formula. On account of the average plus error of about 
15 per cent. in Meeh’s formula the average figure is 39.7 calories, or in 
round numbers 40 calories, when the more exact “Linear Formula” 


or the new “Height-Weight Formula” is used to determine surface area 
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The average metabolism of fat and thin subjects is the same accord- 
ing to surface area when the surface area is correctly measured. The 
metabolism of women averages 37.0 calories, or 6.8 per cent. lower 
than that of men. A group of men and women between the ages of 
40 and 50 gave figures 4.3 per cent. below, and a group 50 to 60 years 
old 11.3 per cent. below the average for the larger group between the 
ages of 20 and 50. 

Under the atmospheric conditions of the calorimeter experiments 
the average water elimination by normal men through skin and lungs 
is 28.4 gm. an hour. About 24 per cent. of the heat produced is dissi- 
pated in the vaporization of water. 

The figures for the specific dynamic action of protein and glucose 
previously obtained are confirmed. <A table of normal standards is 


given. 
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— 


[lo those who are accustomed to think in terms of the energy 
requirement, exophthalmic goiter stands out par excellence as the dis- 
ease of increased metabolism, and the increased metabolism stands out 
as the chief symptom of hyperthyroidism. The determination of the 
heat production seems to afford the best index of the severity and 
course of the disease. There is great need of some purely objective 
test in hyperthyroidism to indicate the effect of treatment, since psycho- 
therapy can modify profoundly all subjective symptoms. At present 
the scientific status of the treatment of exophthalmic goiter is about at 
the point where we would be with diabetes if there were no laboratory 
tests for glucose and the acetone bodies. 

No one of the simpler objective tests taken alone gives an accurate 
idea of the course of the disease ; but when a number are taken together 
and added to the clinical impression of the observer, they afford a 
rough measure of the severity of the case. The rapidity of the heart 
action is perhaps the best guide, but the heart is often affected by other 
conditions, and damage to the heart may outlast the other symptoms. 
Rise in temperature is so irregular as to preclude its use as a reliable 


* Submitted for publication Feb. 4, 1916. 
* From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital. 





916 THE ARCHIVES OF INTERNAL MEDICINE 





index. Changes in the size of the gland do not parallel the course of 
the disease. Changes in weight, warmth of skin and sweating are but 
consequences of the increase in heat production. Eye symptoms, tre- 
mor, nervous irritability, weakness, diarrhea are all too variable to be 
of reliance and are too difficult to measure accurately. The blood pres- 
sure is of some use as a guide, but it is affected by age and the condi- 
tion of the cardiovascular system. The sugar tolerance depends on 
other ductless glands as well as the thyroid, and even in health has wide 
limits. The mononucleosis which has been considered characteristic by 
Kocher, Halsted and others is found in other diseases, and does not 
seem significant enough to be our main reliance. 

In contrast to the above mentioned symptoms, an increased basal 
metabolism is found with great regularity in exophthalmic goiter, and 
in severe cases reaches a level found in no other condition. On the 
other hand, in cretinism and myxedema the metabolism is lower than 
in any other disease. The administration of thyroid extract, particu- 
larly in myxedema, raises the heat production. All other diseases in 
which metabolism is increased are easily distinguishable from exoph- 
thalmic goiter, and they never approach the extremes found in this con- 
dition. The basal metabolism is higher than normal in youth, in fever, 
in lymphatic leukemia and pernicious anemia, in severe cardiac disease, 
and in some cases of severe diabetes and cancer. It is lower than nor- 
mal in old age, in some wasting diseases and perhaps in some cases of 
obesity. Diseases of the ductless glands other than thyroid show in 
some cases an increase, in some a decrease ; but these are comparatively 
small. 

The theories of exophthalmic goiter at present are in a somewhat 
chaotic state. The suprarenals, thymus and most of the other ductless 
glands are thought by many to be involved, and the symptoms have 
lately been divided into sympatheticotonic and vagotonic groups. Even 
in regard to the thyroid itself some advance the theory of dysthyroid- 
ism in addition to or in place of hyperthyroidism. Such confusion is 
natural when we have few objective tests and many bizarre symptoms 
which can be ascribed at will to various ductless glands whose func- 
tions are obscure. It would seem as if we needed more laboratory 
work for those who hold no brief for any particular kind of therapy. 
Even the most extreme advocates of the new theories ascribe the chief 
role to an overactivity of the thyroid gland. For the purpose of sim- 
plicity in this paper one may consider the symptoms of exophthalmic 
goiter to be caused by too much thyroid secretion, and allow the reader 
to select for himself those cases in which he believes other glands to 


be involved. 
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PREVIOUS STUDIES OF THE RESPIRATORY EXCHANGES 


The question of the metabolism in exophthalmic goiter has been 
reviewed by Magnus-Levy,’ Hirsch,*, and Falta ;* Scholz* has given a 
large number of references on the subject of cretinism. 

Friedrich Miiller,® in 1893, first pointed out the increase in metab- 
olism: in exophthalmic goiter by showing that a patient lost weight and 
nitrogenous substances on a diet that was more than sufficient to cover 
the needs of a normal person. Magnus-Levy® two years later was the 
first to demonstrate the increase in the respiratory metabolism in hyper- 
thyroidism and the decrease in myxedema. Since then he has studied 
many cases of both diseases and has used the respiratory metabolism 
as an index of the effects of treatment, thus demonstrating the increase 
in heat production following the administration of thyroid extract. He 
found that in myxedema the rise in heat production began in the first 
week of the administration of the extract and increased gradually till 
the fourth or fifth week. The effect was most pronounced in severe 
cases, causing a rise of from 50 to 70 per cent. In the mild cases the 
increase was slight, never going above 20 per cent., and in five of the 
nine normal controls there was no rise at all. Stiive,” who worked with 
Magnus-Levy, found that thymus extract had no effect on the heat pro- 
duction. Magnus-Levy and Stiive found the metabolism greatly in- 
creased in exophthalmic goiter, and their results, together with those of 
the others who have studied this subject, are recorded in Table 1. 


8s 


rhiele and Nehring,* and Anderson and Bergman® studied the influ- 
ence of thyroid extract, the former finding an increase in the metab- 
olism of obesity patients after its use and the latter no increase with 


two normal men 


1. Magnus-Levy: Von Noorden’s Handbuch der Pathologie des Stoffwech- 
sels, Berlin, 1906. 

2. Hirsch, Rahel: Oppenheimer’s Handbuch der Biochemie, iv, 2, 165. 

3. Falta: Die Erkrankungen der Blutdriisen, Berlin, 1913. 

4. Sholz: Klinische und Anatomische. Untersuchungen iiber den Cretinismus, 
Berlin, 1906. 

5. Miller, Friedrich: Beitrage zur Kenntniss der Basedowische Krankheit, 
Deutsch. Arch. f. klin. Med., 1893, li, 335. 

6. Magnus-Levy: Gaswechsel bei Thyroidea, Berl. klin. Wehnschr., 1895, 
xxxii, 650; Untersuchungen zur Schilddriisenfrage, Ztschr. f. klin. Med., 1897, 
xxxili, 269; Ueber Myxoedem, ibid, 1904, lii, 201. 

7. Stiive: Respiratorische Gaswechsel bei Schilddriisenfutterung Morbus 
Basedowii u. s.w., Fest. Stadt. Krankenh., Frankfurt a. M., Mahlau, 1896. 

8. Thiele and Nehring: Untersuchungen des respiratorischen Gaswechsel 
unter dem Einflusse von Thyreoideapraparaten und bei anaemischen Zustanden 
des menschen, Ztschr. f. klin. Med., xxx, 41. 

9. Anderson and Bergmann: Einfluss der Schilddriisenfutterung auf den 
Stoffwechsel des gesunden Menschen, Skand. Arch. f. Physiol., 1898, viii, 326. 
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TABLE 1.—Gorter Cases IN 
; ===. 
Dura- 
Observer Patient Sex* Age, tion of 
| Years | I —Y 
Hirsehlaff............ GO ney ee g 9 
BOMivts oc ccecscues Case 6 (Anna K.)........ g 26 10 
Author...............| Case 3 (James McE.).... fof 29 2) tec) 
rr Pi E> cinwrascaccasesaenne roi 40 ll 
Hirseblaff........ EOE B, wos ccccessccccce : 21 » 
Magnus-Levy....... EE LED Uieeieeeheseswes 9 20 
Salomon........... > SRE. o | 2 5 | 
Magnus-Levy........ its BS anentcncansessnees | 26 26 
i cicccecnscdh Bike conecasvnvascccatanciss Fs | 24 % 
BET Bsccecsctectens | Case 1 (Max W.)......... g 40 1% | 
PEA Geccccerel TB G. cxcecscccecessvesss Zé 25 . 
Undeutedh........... TE ein tintin moment eg 23 4 
Magnus-Levy........ Bee BRG.. ocevccseseeses 2 42 
Pribram and Porges| E. Tesch. .............++- : 23 2 
BAG Bice coves cece ..| Case 2 (Edwin T.)....... é 20 ly 
Pribram and Porges | fer | 2 14 
Salomon.............) Bs Bo. ccccccecescevesscees 9 | 2% 1% 
Magnus-Levy........ WUE. Be Be cosccceccccscess g | 22 
Magnus-Levy and| Fr. RB. B. ............00+- | 9 | 6 | 
Stiive : | 5 ij 
BP versctcescoces Case 4 (Dr. G. 8. L.).....) of 52 3-4 
Salomon. i | Ree g 19 % 
Magnus-Levy.. Hr. J rol 20 | 
Palta.... Be The cvccvccccsseessvsves 22 
ere * ree eee ” 3le 3 
Author... | Case 9 (Marion B.)...... Q 22 3 
BME Beccc csccccesses Case 8 (Sarah M.)....... g 2 | 8 
Magnus-Levy....... ee GM, cocnccccetaenees fe) 55 
Author...... ; Case 7 (Anna R.)........ | 9 | 29 5 
BB Bese s 60.05.0000 Case 10 (Margaret L.).... @ | Si 1 
Magnus-Levy......../ i Ie see sncebscenmsaebeos v 11% 
Magnus-Levy........ i Of eee | Q 54 
Stiive and Magnus- _ 4 ARE 5 °4 
Levy | | 


THE LITERATURE ARRANGED 


Clinieal Classification 


Very severe last ten days of life 
Severe 


ROGER cp-cecttncsccebeuussekecseces 
100% above average for women 
Five months before death........ 
Severe first two months in hospit 
BOVETOS ASUCS nnccccccccce 


Very severe; pregnant six months 


“Ziemlich Schwer” ........0.+.++ 
BOOED séeebecbvsepeserennsesetese 
TUNED + aevadesdatsusensssacntesnes 
GEESE GOMER) adccccsccccicnse 
WEE GOTNED cccvcconccscesscccces: 
a ee eee 
Acute; mod. severe.............. 
(Acute; mod. severe ?)......... 
es NE Godddcditncntadiiéwas 
BOND cece cccsccecsousscentaseece 
BOGE ssccccescccoseuccsegaceese 
BOVGTS cccccccccccscccce Covcccees 


KY above average for women 
Severe 


(Mild?) 


(Severe?) 


ee . 


Se GORD. cvanncnnkisewnions 


BOTGED ce cccnccescocscccesegectes 
Moderately severe ..............:- 
Atypical cardiac ......ccccccses: 
Small struma, otherwise normal 


Simple goiter . 


Severe 





























—ACCORDING 
Calories 
per Pulse 
Sq. M. Rate 
per Hr 
Meeh 


122 


100-124 


110-120 


100-130 


100-136 


100-120 


TO 


EUGENE F. 


RESPIRATORY 





THE LEVEL OF THE 
Enlarge-| En- 
Blood ment of | large 
Pressure,| Heart |mentof 
Syst. to Left, Thy- 
Cm. roid 
a | 
| 
| 
U0 + 
130-146 5 | 
| 
0 + 
> + 
+ | + 
+ | + 
130-150 25 | ++ 
+ + 
+ 
140-150 0 + 
+ Tr 
~ 3 + | 
| 
| 
| 
| 
148 J ad | 
| 
4 | 
| 
130 + 
0 
v0 4+ 
170 , 
4 


Exoph- | 


thal 
mos 


DU BOIS 


METABOLISM 


Von | Mental Warmth 
Graefe| Irrita- |Tremor of 
Sign bility Skin 
= | +4 
| 
| 
| | 
| 
| ++ + te 
+ + + | + 
| 
4. 
+ 
+ + 
+ + 
+ + 
4 


Ema 
ciation 


919 


Remarks 


After ligation 


of 2 arteries 


Alcoholic 


After ligation 


of 4 arteries 


Par thyroi 
dect. and 
l yrs. ago 

Partial thy 
roidectomy 
8 yrs. ago 





THE ARCHIVES OF INTERNAL MEDICINE 
TABLE 1— 





Observer Patient Sex* Age, bated Clinical Classification 
Years | Disease, 
Years 
Magnus-Levy..... Fri. M. Kr. .. 
Palta.... BG. DH xe 
Undeutseli..... Wit... 
Magnus-Levy | Hr. Be. .. 
Magnus-Levy.. | i Wib-e+beartusgucees Severe 
Magnus-Levy.. Pe. Be o ‘ 52 - Half way between Kropf and forme 
Author... Case 5 (Peter N.)........ 2 5 aspeieats operated 
Upper normal limit for women..... 
Magnus-Levy.. 
Average for normal! men 
Magnus-Levy.. - sidihiaiihtadl ‘< Typical; mild 


Author...... Case 11 (Miss B. H.)... Atypical; operated 


Magnus-Levy. is Sls Th airs cectdenectnes , Simple goiter ..... 
Magnus-Levy..... Pri. Sch. M. . 
Magnus-Levy.. .M. - Simple goiter 

Average for normal women. 


Magonus-Levy.. ‘ 4 ss etieeteninees os Half way between Kropf and forme 
fruste; simple goiter 




















* In this column, ¢ denotes male and 92 female. 


Hirschlaff*® made one of the most valuable contributions to the 
subject by studying in great detail over a long period a very severe case 
of hyperthyroidism which eventually came to necropsy. The oxygen 
consumption of this patient was about 77 per cent. above normal, ris- 
ing to 105 per cent. above normal in the last week of life. Magnus- 
Levy considers that some of the high results on this patient were due 
to restlessness, but some were obtained while she was under the influ- 
ence of morphin. This careful laboratory work on one patient is of 
more value to science than the clinical observation of a hundred 
patients. Jaquet and Svenson"! found no constant rise in metabolism 
when they treated cases of obesity with thyroid extract. They also 
studied the specific dynamic action of food on these patients, and con- 
cluded that it was less than normal before treatment with thyroid 


10. Hirschlaff, W.: Zur Pathologie und Klinik der Morbus Basedowii, 
Ztschr. f. klin. Med., 1899, xxxvi, 200. 

11. Jaquet and Svenson: Zur Kentniss des Stoffwechsel fettsuchtigen Indi- 
viduen, Ztschr. f. klin. Med., 1900, xli, 375. 
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—( Continued ) 


| | | | 
Calories Enlarge En- 


| 
| 
i Sq. M. Rate Pressure,| Heart |mentof, thal- | Graefe|irrita-|Tremor| of | — Remarks 


per Pulse Blood ment of | large Exoph Von | Mental |Warmtb| 
per Hr. | Syst. to Left,| Thy- mos | Sign | bility | Skin |‘ iation | 
Meeh Cm. roid | | | 
} | | | 
a - - _ — — _ | ——— — _ _ — 
7 80 
9.7 120-140 140 2 ++ —_ } + + + | + 
87.7 100+ 125 0 ~ ++ ++ re | + 
; 0 78 | | 
| | 
6.5 128 | | 
- 0€ +> = | 
| 
72-04 1 + _ _ > | + | - | Four arteries 
| | ligated 1 yr. 
$5.5 | | | ago 
| | 
- | | | 
4.7 | | 
P fo of fo] 
4.7 &8-90 | 
| | | | 
4.6 72-96 112-120 | 0 |} + - +4 1 + | Par. thyroi 
| | dect. 2 mos 
ago 
34.6 86 | | | 
4.1 80 | 
| | | | 
30 | | 
| | | 
29.4 72-92 = 0 + + + coe + noes we Hysterical 
| | temperament 
} 





extract but greater than normal after treatment. Salomon’? considered 
the increase in metabolism to be the most important objective symptom 
of hyperthyroidism, and followed it during treatment with “Radogen” 
and the serum of a thyroidectomized horse. Neither of the remedies 
caused a fall in the metabolism. Steyrer™ studied the effects of thyroid 
tablets on one exophthalmic goiter and one myxedema patient, using 
a Pettenkofer-Voit respiration chamber. Pribram and Porges,’* work- 
ing under Salomon, studied the “niichtern” or basal metabolism from 
fifteen to seventeen hours after the last meal of diets containing vari- 
ous amounts of nitrogen. They found the heat production from 4 to 
8 per cent higher the morning after a diet containing from 31 to 42 
12. Salomon, H.: Gaswechseluntersuchungen bei Morbus Basedowii und f 
Akromegalie, Berl. klin. Wehnschr., 1904, xxiv, 635. j 
13. Steyrer, A.: Ueber die Stoff und Energieumsatz bei Fieber, Myxoedem 
und Morbus Basedowii, Ztschr. f. exper. Path. u. Therap., 1907, iv, 720. 
14. Pribram and Porges: Ueber den Einfluss verschiedenartiger Diatformen 
auf den Grundumsatz bei Morbus Basedowii, Wien. klin. Wehnschr., 1908, 
xxi, 1584. 
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gm. of nitrogen than after mixed diets rich in carbohydrate. They 
do not consider that this differs from what would be found in normal 
persons after such excessive protein feeding, and believe that the basal 
metabolism is not much influenced by protein or meal abstinence. In 
one patient two treatments with the Roentgen ray did not cause any 
drop in the oxidative processes. More recently Undeutsch,’* using 
the Rolly-Rosiewicz modification of the Benedict universal respiration 
apparatus, compared the rise in metabolism following the administra- 
tion of various forms of protein to patients with exophthalmic goiter 
He found that 40 gm. of Aleuronat increased the metabolism more 
than 35 gm. Roborat, and that both had greater action than 200 gm. 
chopped beef. Two normal controls gave the same results. He con- 
cludes that animal protein has a lower specific dynamic action than 
vegetable. Undeutsch also made observations on three of his patients 
from one to two weeks after a partial thyroidectomy. One patient 
showed a drop of more than 10 per cent. in the heat production, one 
a drop of 20 per cent. and a third with “forme fruste” and colloid 
goiter only a slight reduction. . 

Von Bergman" studied several myxedema patients, finding the 
metabolism moderately decreased. He observed a rise of 25 per cent. 
in the heat production in an obesity patient after the administration of 
thyroid extract. Falta* reports respiration experiments on three of his 
exophthalmic goiter patients made by Dr. Bernstein. Means,** study- 
ing several obesity patients and making a large number of respiration 
experiments on one marked case, found a marked rise in metabolism 
after thyroid administration. 

The literature on the treatment of exophthalmic goiter is too enor- 
mous to be reviewed in this paper, and only those remedial measures 
used on the patients here described will be discussed. <A _ partial 
thyroidectomy has been and perhaps always will be the standard method 
of treatment.” Recently many surgeons have been ligating one or more 
of the thyroid arteries under local anesthesia as a preliminary to the 
more radical operation or in place of it. Medical treatment gives 
slower results which are often very satisfactory. Mental and physical 
rest Over long periods of time, combined with abundant food, almost 
invariably improves the patient’s condition, and in many cases there is 
a tendency toward recovery without any treatment. Beebe and 


15. Undeutsch, W.: Experimentelle Gaswechseluntersuchungen bei Morbus 
Basedowii; Grundumsatz und Umsatz nach Aufnahme von animalischem und 
vegetabilischem Eiweiss, Inaug. Dessert., Leipzig, 1913. 

16. Von Bergman: Der Stoff und Energieumsatz beim infantilem Myxoedem 
und beim Adipositas universalis mit einem Beitrage zur Schilddriisenwirkung, 
Ztschr. f. exper. Path. u. Therap., 1909, v, 646. 

17. Means: Studies of the Basal Metabolism in Obesity and Pituitary Dis- 
ease, Jour. Med. Research, 1915, xxxii (New Series, xxvii), 121. 
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Rogers,’* and more recently Beebe’ alone, have used a cytotoxic serum 
prepared by injecting sheep with an extract of human thyroid tissue. 
This serum has never come into general use. Some patients cannot 
take the serum on account of violent local and constitutional reactions, 
and others who can take it show little improvement, as is the case with 
uses partial thyroidectomy in 


all other forms of treatment. Rogers*° 
some cases, and serum in a few others, but places his chief reliance on 
ligation of two or more of the thyroid arteries as giving the best results 
in the long run. He has used thyroid extract in some cases for a few 
days after the ligation, and in other asthenic patients has given 
thyroid preparation called “X Thyroidin,” or thyroid “residue.” Forch 
eimer*’ is very enthusiastic about the quinin-ergotin treatment which 
he devised several years ago. He gives quinin hydrobromate, 5 grains, 
and ergotin, 1 grain in gelatin coated pills four times a day. All of the 
foregoing clinicians insist on rest from work and mental relaxation as 
part of the treatment. 

Plummer** has recently abstracted the histories of the unusually 
large number of cases treated at the Mayo Clinic, and on the basis of 
averages has arranged the symptoms in the order of their onset as fol- 
lows: (1) cerebral stimulation; (2) vasomotor disturbances of the 
skin; (3) tremor; (4) mental irritability ; (5) tachycardia; (6) loss of 
strength; (7) cardiac insufficiency; (8) exophthalmos; (9) diarrhea ; 
(10) vomiting; (11) mental depression; (12) jaundice; (13) death. 
Of especial interest is the work of Rudinger®* on the nitrogen mini- 
mum in hyperthyroidism. He places his patients on Landergren’s low 
nitrogen diet, and found the nitrogen output to be so much greater 
than in normal persons that he considers there is a 100 per cent. increase 
in the destruction of body nitrogen on the fourth day of the diet. In 
regard to the discussion as to whether we are dealing with a hyperse 
cretion or abnormal secretion of the thyroid, it may~be well to call 
attention to the statement of Magnus-Levy, “The quantitative relations 

18. Rogers, John, and Beebe, S. P.: The Treatment of Hyperthyroidism by 
a Specific Cytotoxic Serum, THe Arcuives Int. Mep., 1908, ii, 297. 

19. Beebe, S. P.: The Serum Treatment of Hyperthyroidism, Jour. Am. Med. 
Assn., 1915, Ixiv, 4153. 

20. Rogers, John: The Course of Acquired Disease of the Thyroid Gland 
and the Principles which Seem to Control Its Progress, Ann. Surg., 1914, p. 281; 
Exophthalmic Goiter and Its Treatment, New York State Jour. Med., 1915, xv. 4; 
Am. Jour. Physiol, 1915, xxxvi, 113; ibid., 1915, xxxvii, 121, 453; ibrid., 1915, 
xxxix, 154; ibid., 1916, xxxix, 345. 


21. Forcheimer, F.: Exophthalmic Goiter, in Therapeusis of Internal Diseases, 
1913, iii, 895. 
22. Plummer, H. S.: The Clinical and Pathologic Relationships of Hyper- 


plastic and Nonhyperplastic Goiter, Jour. Am. Med. Assn., 1913, Lxi, 650. 
23. Rudinger: Ueber den Eiweissumsatz bei Morbus Basedowii, Wien. klin. 
Wehnschr., 1908, xxi, 1581. 
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of thyroid secretion are almost totally unknown, and are much too com- 
plicated to allow our following out a theory of hyperthyreosis in all its 
details; much less . . . does it enable us to argue a theory of 
dysthyreosis.” Falta, Newburgh and Nobel,** on the basis of experi- 
ments with various organ extracts, believe in “Ueberfunction” rather 
than “Dysfunction” in exophthalmic goiter, and consider that the dif- 
ference in symptoms is due to differences in the constitution of the 
patient. 
METHODS OF EXPERIMENT 

Most of the patients studied over considerable periods of time 
remained in the metabolism ward described in Paper 3 of this series. 
They were placed in the respiration calorimeter in the morning 
hours, either without breakfast or after special meals, if the tests 
were being made to determine the specific dynamic action of food. 
Each patient was put in the calorimeter for half an hour or so a 
day or two before the first experiment, in order to let him become 
accustomed to the interior of the apparatus. No patient objected, 
since all realized that their treatment was being controlled by the 
results of the observations. Some of the patients had marked tremors 
when they moved, but inside the calorimeter they were lying quietly 
on a comfortable bed, and they moved but seldom. The work-adder 
was of great service in giving an accurate idea of the relative activity 
of the subject in each period. In the severe cases with moist skin, 
the work-adder was even more sensitive than usual, since any move- 
ment on the part of the patient liberated an abnormal amount of 
moisture from the bedding and clothing, expanding the air of the 
box to a marked degree. This accounts for some of the high read- 
ings of this instrument; but some of the patients with severe cases 
were distinctly restless, particularly toward the end of an observa- 
tion. It was for this reason that short experiments were used by 
preference. 

The female patients were taken directly from the general medical 
or surgical wards. A few of both sexes came to the calorimeter room 
from their homes in the neighborhood, lying down for at least two 
hours before the observation began. Great care was taken to avoid 
fatigue or excitement, since it was apparent that the metabolism of 
these thyroid patients showed great lability. 


CASE HISTORIES 


Case 1.—History—Max W., aged 40, storekeeper, born in Roumania, Hebrew, 
admitted Feb. 11, 1914. Had typhoid fever when 18 years old. Two years ago 
he was operated on for inguinal hernia. About this time he was refused life 
insurance because he weighed 190 pounds. He drinks little, but smokes from 
fifteen to twenty cigarets a day. 


24. Falta, Newburgh and Nobel: Ztschr. f. klin. Med., 1911, p. 72. 
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Present Illness—In January, 1913, he received news of the violent death of 
his brother, and was much excited for a week. The next month he suffered 
from a severe unproductive cough, was nervous and lost weight. He was sent 
to the mountains with a diagnosis of tuberculosis, but did not improve. The 
Wassermann reaction was found to be strongly positive, and he was treated with 
mercury, still without improvement. October 13, he went to Mount Sinai Hos- 
pital, where a diagnosis of exophthalmic goiter was made and medical treatment 
tried. Shortly afterward he went to the Presbyterian Hospital, where his protein 
and carbohydrate metabolism was studied by Dr. Geyelin.* It was found that 
the blood sugar was 109 mg. per hundred c.c., the phenolsulphonephthalein 
output 85 per cent., the leukocytes 11,250, polymorphonuclears 68 per cent., 
lymphocytes 24 per cent., large mononuclears 5 per cent., and eosinophils 3 per 
cent. The urine showed traces of sugar, and the Wassermann test was strongly 
positive. 

Physical Examination.—Feb. 11, 1914, the patient is 173.7 cm. tall, of rather 
large frame with small hands and tapering fingers. The skin is dark, flushed, 
warm and slightly cyanotic. The beard is thick, the pubic hair normal but the 
hair on the chest scant and the breasts fatter than the rest of the body. The 
face is broad and flat, the expression angry and the eyes staring with slight 
protrusion. The upper lid covers about 2 mm. of the cornea, but does not fol- 
low the cornea when the patient looks down. There is some weakness of con- 
vergence; he winks but seldom, and the forehead wrinkles but slightly. 

There is moderate soft enlargement of the thyroid, especially the right lobe. 
The neck measures 37 cm. in circumference. The apex of the heart is in the 
fifth space 11 cm. to the left of the midline, and the limit of dulness 12.5 cm. 
to the left. The action is rapid and shows a marked irregularity, apparently 
respiratory in type, with long pauses at the end of expiration. There is a soft 
systolic murmur at the apex. Carotid pulse is large, radial small. The hands 
show red areas on the thenar and hypothenar eminences, and there is a tremor 
when he is excited. There is a scar of an old left inguinal hernia operation, 
and the left testis is very small and soft; the right testis is large, but of nor- 
mal consistency. His disposition is nervous, he is excitable, quick in thought 
and action, and he takes malicious pleasure in teasing his fellow patients, a 
cretin and a pituitary patient, both somewhat slow mentally. 

Treatment and Course—The data concerning the food and urine are given 
in Table 2. In February and March the temperature was between 98.4 and 100, 
the pulse 110-140, the respirations from 26 to 28. March 18, the patient had 
an acute follicular tonsillitis with a transient rise in temperature to 103.2. 
[wo days later it was normal. During April the temperature was below 99.6, 
the pulse 104-124, respirations from 20 to 22. Blood pressure, February 15, 
systolic, 150, diastolic, 70; March 7, 130-60; April 6, 132-82; April 23, 148-74. 
Beebe’s serum was begun, March 5, and the doses slightly increased from time 
to time. The patient received twenty-three doses up to April 30, and after this 
the serum was given by Dr. Beebe, himself, at fairly regular intervals. With 
the serum he was given 1 grain of potassium iodid twice a day. The local 
reaction from the injection was at times quite marked, but the patient felt 
so much better that he cheerfully submitted to the discomfort and was enthusi- 
astic about the treatment. 

During his stay in the hospital he averaged about three stools a day. He 
improved distinctly even before he received any treatment other than rest in 
bed and good food. The diarrhea stopped, as did the sweating, and he was 
not so nervous. There was slight glycosuria after 100 gm. of glucose. A 
note, April 15, says he weighed more than on admission, that he was eating 
more and was feeling stronger each day. It was noticed that he had a polyuria 

25. Geyelin, H. R.: The Carbohydrate Metabolism in Hyperthyroidism as 
Determined by Examination of Blood and Urine, THe Arcnives Int. Mep 
1915, xvi, 975. 
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Date 
2/13/14 
2/14/14 
2/15/14 
2/16/14 
2/17/14 
2/18/14 
2/19/14 
2/20/14 
2/21/14 
2/22/14 
2/23/14 
2/24/14 
2/25/14 
2/26/14 
2/77/14 
2/28/14 
3/ 1/14 
8/ 2/14 
3/ 3/14 
4/ 4/14 
3/ 5/14 
3/ 6/14 
3/ 7/14 
8/22/14 
3/23/14 
3/24/14 
3/25/14 
3/26/14 
3/27/14 
3/28/14 
3/29/14 
3/30/14 
3/31/14 
4/ 1/14 
4/ 2/14 
4/ 3/14 
4/ 4/14 
4/ 5/14 


* Average feces N. per day March 


THE 


Temperature 


| Max. Min. 
-—— 
| 99.6 | 98.6 
99.6 98.6 
99.6 | 98.6 


99.4 | 96.2 


| 99.0 98.6 
| 
| 100.0 98.6 
99.6 98.6 
| 99.6 | 98.6 
| 99.0 | 98.6 
| 99.8 | 988 
99.6 99.0 


9.6 
99.8 
99.4 
| 100.0 
99.2 


99.6 
99.8 
99.8 
9.8 
99.6 





| 
| 
| 
| 
99.2 | 98.8 
| 
| 


| 99.8 
99.0 | 98.0 
99.4 US & 


| 99.0 98.2 
99.2 | 98.4 
98.4 | 98.4 
99.2 | 98.0 
98.4 98.4 
98.5 98.2 
98.8 08.4 
99.2 98.6 
99.6 98.6 
98.6 98.0 
98.8 98.6 
99.6 98.4 
99.4 98.4 
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TABLE 2.—Cirnicat Data 1N Case 1 


| 


Total | 
‘alories 


Food 


2,974 








3,366 


3,475 
3,408 
3,49 
3,640 
3,891 
8,560 


2,976 





4,206 


4,444 





| 
| 4,232 
| 
| 


Carb., 


Gm. 


256.0 
230.0 
289.0 


313.0 


193.0 
252.0 
301.1 
264.0 
305.0 
294.0 
333.0 
368.0 
393.0 
437.0 
422.0 
419.0 
405.0 
435.0 





Fat, Food 
Gm. N 

179.0 | 15.7 
234.0 | 21.3 
252.0 21.5 
238.0 | 19.7 
273.0 23.3 


228.0 
250.0 
201.0 
198.0 


| 
| 
| 
216.0 | 21.6 
| 


226.0 22.6 
212.0 21.0 
119.0 20.9 
232.0 22.7 
121.0 13.0 
205.0 19.8 
184.9 20.0 
157.0 20.0 
215.0 21.4 
169.0 15.7 
199.0 19.6 
207.0 20.2 
121.0 16.0 
198.0 19.2 
187.0 19.5 
196.0 19.6 
187.0 19.1 
206.0 20.0 
214.0 20.9 
164.0 20.4 
195.0 21.5 
213.0 20.2 
212.0 20.0 
215.0 20.2 
217.0 20.6 
225.0 21.8 





2 to 6, 3.67 gm. 








Urine 
N. 


16.19 
19.46 


19.91 





Body 
Weight 


62.24 
62.00 
61.76 
61.89 
62.02 
61.81 
61.60 


62.26 


60.01 
60.06 
60.12 
0.56 
61.00 
61.18 
61.37 
61.88 
61.88 
61.91 


62.26 





Urine, 
Volume, 
€.c. 


3,136 
1.940 
3,200 
2,890 
2,490 
2,960 
3,365 
3,460 


2,500 


2,600 
2,900 
2,320 


2,970 


























Temperature 


Date 

Max. 
i/ 6/14 
4/ 7/14 8.4 
4/ 8/14 0.0 
4/ 9/14 98.8 


4/12/14 m 
4/13/14 98 
414/14 98 
4/15/14 98 
4/16/14 " 
4/17/14 H 
4/18/14 99. 
4/19/14 99. 
4 14 09 
4/21/14 of 
4/22/14 wy 
4 14 98 
424/14 US 
4/25/14 oY 
4/26/14 i 
4/27/14 g 
4/28/14 18 
and the salt 
after this 


in 


Mir 


the 


change 
chlorid in twenty-four hours. 
April 24 he was able to be up and about most of the day without fatigue. 
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TABLE 2.—(Continued) 

Total Carb., Fat, Food Urine , sody Urine, 

Calories Gu Gn N N Weight Volume, 

ct 

16 79.4 44.0 lt 13.10 62.2¢ 70 
4,529 425.0 14.0 0 13.00 62.2¢ ,060 
4, 50M 433.0 ) 0.0 12. 62. ,660 
4.34 444.0 14.0 0.7 17 62. 190 
4,538 424.4 42.0 ‘ 13.17 63.19 0) 
4 ie 72.0 16.0 °0.0 1 g 6. yw) 
4,568 401.0 253.0 Lf 11.8 63.45 ( 
4,501 550.0 213.0 0 17.54 63.01 770 
4,108 408.0 213.0 0.9 12.55 62.58 1,420 
4,232 406.0 219.0 0.€ 15.58 62.9 1, 3H 
$,136 588.0 17.0 0.0 15.64 63.2¢ 1,500 
4.164 343.0 241.0 20.1 15.0% 63.58 1,330 
4,319 355.0 249.0 21.1 15.36 63.58 1,660 
4,108 $80.0 217.9 20.8 14.85 63.58 1,580 
3,981 850.0 217.0 20.€ 15.69 63.90 1,860 
8,817 319.0 214.0 20.2 14.18 63.81 1,600 
4,041 369.0 214.0 20.8 17.23 638.7 1,800 
4,353 399. 4 230.0 22.¢ 17.85 1,980 
2,943 280.0 151.0 15.1 14.27 63.29 1,889 
4,064 875.0 14.0 20.7 14.40 1,620 
4,071 369.0 17.0 20.9 15.52 1,840 
4,1 361.0 215.0 i 15.19 64.56 1,850 
997 260.0 140 i Ot 14.55 2,360 

diet was cut down to from 3 to 4 gm. a day. Two days 

the urine volume rose to 3,900 with 22 gm. sodium 

After this the volume dropped markedly. By 

When 


he left the hospital the thyroid gland and the eyes were as on admission, but 


the 


treatment, gaining 


eight or ten hours a day, and a few weeks ago walked 5 miles. 
not 


7? 


»? 


1915, he 


heart action was regular most of the time. 
A year later, April 
and went into the calorimeter again. 
pounds in weight. 


He 


was 


has palpitation, but does not try to walk upstairs. 


a year ago. 


He is able 
looks much fatter and stronger, but the eye 
skin is still moist and warm. 


electrocardiogram. 


Case 2. 


History 
1915, discharged May 1. 
fever, and since then has had many sore throats. 


Edwin 
At the age 


to wear a collar one 


$1z¢ 


t 


1s 


o work in 


smaller than 
symptoms are unchanged and the 


last 


year. 


spent another day in the metabolism ward 
He had done very well under Dr. 
his 

He 


so excitable 


3eebe’s 
store 
seldom 


as 


He 


The apex of the heart is maximum in the fifth 
space 13.3 cm. to the left of the midline, and the action is so markedly irregu- 
lar as to suggest auricular fibrillation, a diagnosis which is confirmed by the 


T., aged 
of 10 had 


20 years, 


an 


student, 


admitted 
attack of acute rheumatic 
Three years ago he worked 


Feb 


24, 
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Fig. 1—Chart in Case 1. Max W. 





MAR. APR. 1914 
x! 23 45 (B19 
120 Cai pra} nour -_ | | | 
| | | | | 

| 


oi | | 
150 Putse | 





_08 Temp. > 
605 WEIGHT i KG. 

















Fig. 2—Chart in Case 1. Marx W. (continued). 
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very hard in school. At this time he was able to participate in track athletics. 
He has been accustomed to taking about six cups of strong tea every day, 
and has always been nervous. About six months ago he became excitable and 
restless and a little later was obliged to stop work. About three months ago 
his friends began to speak of a change in his facial expression. He grew 
steadily worse until three weeks ago, when a diagnosis of hyperthyroidism was 
made by Dr. R. J. Shea, and proper treatment started. He lost 13 pounds in 
weight, but regained most of it under Dr. Shea’s care. 

Physical Examination.—The patient is 168 cm. tall, moderately thin, the 
bones are slender, and the distribution of hair is normal for his age. The 
facies is neurotic in type and the expression angry with slight protrusio bulbi. 
The tonsils are large and succulent with deep crypts. The thyroid is soft 
and enlarged, measuring 12 cm. broad, 3 cm. in the vertical direction at the 
isthmus and 4 cm. at each lobe. The heart is not enlarged, but the first sound 
is of poor quality, short and sharp, and there is a murmur over the pulmonic 
area which resembles a hemic or extracardiac murmur. The heart action is 
forcible, but the radial pulse small. The skin is flushed, warm and moist, 
often breaking out into sweat. There is a tremor when he is excited. 

Treatment and Course—The first month in the hospital he was given no 
medication but kept quiet in bed. He became less and less excitable, the skin 
became cooler and drier and he was happy and helpful in the ward. About 
March 10 he began to be homesick and at times excitable. March 23, Beebe’s 
serum was started in 5 minim doses almost every day. March 29, there was 
a severe local reaction accompanied by nausea. After this the serum was 
given in smaller doses every three days until April 14. 

The patient felt a little better after the first few doses of serum, but later 
grew steadily worse, becoming more depressed, discouraged and at times very 
nervous. Between April 7 and 21 he was much excited over some personal 
matters, and was hard to manage. April 21, he was removed to the surgical 
ward, and the right inferior thyroid artery tied under novocain anesthesia by 
Dr. Rogers. April 23 and 29, the other three arteries were tied, the patient 
experiencing no pain, and scarcely ever showing a pulse rate above 100. He 
felt better and was up and about the ward the day after each operation. 

May 10, he was readmitted for a calorimeter observation after ten days in 
the country. He has felt better and has slept well. The wounds are healing 
well and his general condition seems improved, but the physical examination is 
much the same as when first admitted to the hospital. For clinical data see 
Table 3. 

Case 3.—History—James McE., aged 29, factory worker, admitted March 1, 
1915, on the service of Dr. Lockwood, with the diagnosis of exophthalmic goiter 
and alcoholism; at the age of 22 had an attack of appendicitis. He is a heavy 
smoker, drinks much tea and has periodic attacks of drunkenness lasting about 
a week. He has been thin, nervous and in rather poor health for the last 
nine years, and has been very excitable for two or three years. Seven months 
ago he became very nervous. Five months ago he noticed swelling of the 
neck, palpitation and dyspnea. At this time he had severe pains in his face not 
relieved by the extraction of a tooth. Two weeks ago he began to have night 
sweats, cough, pain in the bones, hoarseness and he lost weight rapidly. 

Physical Examination—The patient is 166 cm. tall, emaciated, restless, 
expression staring, skin flushed, warm and sweating, pubic and axillary hair 
scant. Exophthalmos moderate, von Graefe’s and Moebius’ signs positive. The 
teeth show much caries and pyorrhea. There is a marked bilateral enlargement 
of the thyroid gland. Thorax is poorly formed, heart apex 13 cm. to left of 
midline, regular but markedly overacting, with a rough systolic murmur, loudest 
to the left of the sternum. Pulse is Corrigan in type. There is a fine tremor 
of fingers and tongue, and a distinct odor of acetone on the breath. 
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c.c. 


830 | 


1,030 


1,040 


990 


1,065 | 


1,050 
1,602 
1,505 


1,085 


1,627 | 


1,018 


1.320 | 


1,075 
1,160 
1,260 


1,170 
800 
1,040 
1,000 
980 
1,230 
946 
815 


720 | 


920 


880 | 
710 | 
820 | 
930 
1,040 | 


780 
1,100 
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TABLE 3.—Cuirnicat Data IN Case 2 
Food Urine 
Total | Pro- Carbo- 4 tx. : N 
Calo- | tein, | Fat, | hyd., | Food | Urine | creta Bal- Glu- | Vol, 
ries | Gm. | Gm. | Gm N N N,Gm.| ance, | cose, 
A ee et SME | ' | on. | | 
3,107 | 98.7 | 166.7 | 280.9] 15.79 Jt vedio” 
2,330°| 61.7 | 134.0! 202.7| 9.87] 15.00] 1668] —6.81 y 
2,882 92.9 139.9 292.6 14.86 16.70 18.18 3.32 | 
2,728 | 87.0 | 142.3 | 254.7 | 13.92 | 17.71 | 19.10 | —5.18 
3,704") 101.0 | 211.6 | 322.4] 16.16] 18.44 | 20.05 | —3.89 
3,462 | 98.6 | 184.3] 327.9 | 15.78 | 16.98 | 18.56 2.78 
364.1 | 104.6 188.6 | 355.6 | 16.73 | 17.50| 1917| —2.54 
322 | $3.2 | 172.9 | 279.3] 14.91] 1642] 17.91 | —3.00| 10.64 
2,907 | 192.1] 1259} 288.9] 22.16] 19.51] 21.73 +0.43 | 14.71 
2,768 | 85.5 | 141.1 | 268.3 18.68 | 18.15 19.52 | 5.84 | 15.15 
3,7 111.0 | 210.2 | 331.6 | 17.76 | 15.55 | 17.33] +043| 5.31 
2,999 | 155.9 | 172.9 | 183.3 | 24.94] 21.22] 23.71 | 41.23 | 7.92 | 
8,517 | 105.8 | 194.6] 311.2] 16.92] 687| 8.56) +836) 0 
2,419] 69.1 | 1246] 2389] 11.06] 18.50] 14.70] —3.64| 18.06 
3,549 | 100.1 | 208.8} 302.5] 16.01 | 15.13 | 16.73} —O.71| 7.20 
3,525 | 97.1] 204.1] 2998] 15.58] 11.85] 12.90] +262] 7.41 
3,728 | 99.5 | 221.8] 306.7] 15.92 | 1468] 16.27| —0.35| 9.54 
3,688 | 97.6| 199.1| 398.4] 15.61] 15.24| 1680} —1.19|] 7.80 
2,075 | 66.9 | 194.5] 242.3] 10.70] 11.80] 12.87 2.17 | 5.57 
3,180 | 66.5 | 206.3 | 243.4] 10.64] 13.28 | 14.34) —3.7 6.87 
3,150 | 67.9 | 2023] 248.6] 1086| 888] 9.97| 40.90] 4.62 
3,200 | 70.7| 2083] 2483] 11.34] 12.58] 18.66] —2.32| 9.87 
3,550} 60.8 | 218.0] 301.8| 11.16] 1149] 12.60] —1.44] 11.87 
3,681 | 64.9 | 253.1 | 246.9] 10.38] 10.23] 11.27} —0.890] 8.24 
3,467 | 72.9 | 200.3| 298.7] 11.66] 12.61] 13.78) —212| 8.96 
3,281 | 65.0| 226.1 | 222.2] 10.40] 12.75| 13.79| —3.39| 14.52? 
3,305 66.1 2038.4 278.5 10.58 10.09 11.15 —0.57 SRS 
3,406 | 65.8 | 225.0) 28.9] 1052] 947] 10.52/ 0.00| 6.87 | 
3,591 | 66.8 | 227.0} 204.1 | 1068) 9.47] 10.54) —0.14] 8.00 
3,896 | 06.0| 256.2| 288.0) 10.56| 1008| 11.00) —0.53| 9.2% | 
8,680 | 65.6 | 247.0| 2618] 10.50] 9.58 | 1068/ —0.13| 3.08) 
4,194 | 71.3 | 260.2 | $41.0} 11.40| 10.65 | 11.79} —039| 8.13 | 
3,681 | 81.6) 29.1 | 3142] 13.05| 9.72 | 11.03] +202] 14.50} 
se02 | 702| 1188| 902.1| 11.23/| 10.98| 12.05| —o.s2| 24.51 | 
2,922 | 74.1 | 162.7 | 269.6 | 11.86 | 11.57| 12.76] —0.90| 15.90 | 
3,874 96.1 214.0 | 963.3 | 15.88 | 13.08 14.57] +081] 11.42 
3,866 | 96.9 | 200.0 392.5 | 15.50] 12.500) 14.05] +145] 8.20 
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Urine N plus 10 per 


cent. af food N. 








Weight, 
Kg. 


49.88 


- 
7 
~ 

ye 


49.40 
W.42 
50.04 
50.37 
50.06 
50.36 


49.32 


50.05 
50.18 
50.10 
50.11 
49.76 
50.01 


50.28 
50.28 
50.27 
49.22 
49.98 
50.18 
0.24 
50.17 
49.94 
50.00 
50.00 


5.30 
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TABLE 3.—(Continued) 


Food Urine 
Date, Total| Pro Carbo- Ex N Urine | Urine Body 
1915 Calo- in Fat, hyd., | Food > | creta Bal Glu- Vol., | Weight, 

ries | G Gm. Gm. N N N,Gm.| ance, cose, c.c Kg. 
Gm. Gm 


Apr 
Apr. 
Apr 
Apr 
Apr. 


Apr. 20-2 


* Food approximate on these two days. 


Treatment and Course—For the first twelve days in the hospital he was kept 
in bed without medication and improved slowly. March 14, after the first 
observation in the calorimeter, the Forcheimer ergotin and quinin hydrobromate 
treatment was begun. He continued to improve slowly in general condition, and 
gained 6 pounds in weight. The blood pressure was 130-65 and 146-66 mm. Hg. 
The Wassermann reaction was weakly positive; the urine contained a trace of 
albumin and a few casts. Temperature 99-100, pulse 108-124 up to March 15, 
then 82-100. 

April 8, he was transferred to the surgical wards, and one superior thyroid 
artery was ligated under local anesthesia. May 2, one inferior thyroid artery 
was exposed, but the pulse became so rapid and feeble that the wound was 
hastily sutured without an attempt being made to ligate the vessel. The patient 
continued to improve slowly. May 14, the left limit of cardiac dulness was 
11 cm. to the left of the midline; the murmur was unchanged. The general 
condition was better than a month before. For clinical data see Table 4. 

Notice of his death in February, 1916, has just been received. 

Case 4.—History.—Dr. G. S. L., aged 52, physician, had typhoid fever twenty- 
five years ago. He smoked from six to nine cigars a day. His eyes have 
always been prominent. Three or four years ago when his weight was about 
215 pounds, he noticed a slight tremor of the hands and slight dyspnea and 
palpitation on exertion. About one year ago the neck increased in size. The 
four thyroid arteries were ligated in January, 1914, (three months ago), but 
he was nearly exsanguinated by a secondary hemorrhage from the superior 
thyroid artery. He was given quinin hydrobromate for a month, but developed 
cinchonism. Thyroidectin in September made him worse. For the last week 
he has had no treatment. 

Physical Examination.—April 9, the patient is 180 cm. in height, tall and 
large framed. The expression is staring, the skin flushed, warm, moist, smooth, 
and slightly darkened. Dermatographia is present. There is no hair on the 
chest. There is moderate protrusio bulbi, slight von Graefe’s sign, convergence 
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weak, thyroid lobes and isthmus enlarged. Heart apex impulse is 16 cm. from 
midline, action regular and heaving. There is a soft systolic murmur maximum 
in the pulmonic region. Pulse is 100, of large size. Blood pressure is 148 mm. 
There is a marked tremor of the hands and tongue and also of the legs when 
standing. 

Treatment and Course.— After the calorimeter observation, April 9, the 
patient was given Dr. Rogers’ thyroid “residue,” 1 c.c., twice a day until April 16, 
when he returned for another test, his condition being unchanged except that 
the heart action was perhaps a little quieter. 

In October, 1914, a thyroidectomy was performed. The day after the opera- 
tion the temperature rose to 101, the pulse to 150, and the respirations to 
70 per minute. He died a week later. 


TABLE 4—Curnicat Data In CAsE 3 


Food Urine 

Date, Total Pro Carbo Ex- N Urine Urine Body 
1915 Calo tein, Fat, hyd., Food Urine creta Bal- Glu- Vol., Weight, 

ries Gm Gm Gm. N N N,Gm. ance, cose, c.c Kg. 

t Gm. Gm 

Mar. 9-10 3,322 100.7 183.0 204.5 16.11 11.94 13.55 +2.56 0 1,470 41.39 

Mar. 10-}1 3,315 94.1 178.7 309.1 15.06 13.51 15.02 +0.04 0 1,380 41.84 

Mar. 1!-) 3,189 93.7 182.5 270.8 15.00 14.18 15.68 —0.68 0 1,695 41.26 

Mar. 12-1 2,558 86.2 145.9 206.9 12.79 15.09 16.47 —2.68 0 1,390 41.16 


+ Urine N plus 10 per cent. of food N 


Case 5.—History.—Peter N., aged 23, with atypical exophthalmic goiter (?), 
mechanic, admitted April 9, 1915, discharged April 25. His father is 6 feet 4 
inches tall (193 cm.). The patient has had ‘sore throat several times. He grew 
very fast between the ages of 15 and 18. At the age of 18 he became weak and 
nervous, losing his temper easily. He suffered from severe headaches two or 
three times a week and his hands grew so tremulous that he has been unable 
to work for the last year. About a year ago he was in the Massachusetts 
General Hospital, where his respiratory metabolism was studied by Dr. Means 
and found to be within normal limits. The superior thyroid arteries were tied, 
and since then the headaches have been less frequent and the hands drier. He 
is not much stronger, and he sleeps only two or three hours a night. 

Physical Examination.—April 25, 1915, the patient’s height is 6 feet 2 inches 
(187.7 cm.). He is tall and thin with no suggestion of acromegaly. The hands 
ave tapering. The expression is anxious; there are no eye symptoms. The 
thyroids are soft and slightly enlarged. The hands and feet are sweating, 
dermatographia marked. Cardiac dulness extends 12 cm. to the left of the 
midline. Electrocardiograms show a slight respiratory arrhythmia. There is 
a marked tremor of the right hand and slight tremor of the left. Roentgen- 

scopy reveals a normal sella turcica. There is a trace of glucose in the urine. 
During his short stay in the hospital there was no change in his condition. 
For clinical data see Table 5 

Case 6.—History—Anna K., aged 26, single, born in Ireland, nurse, admitted 
April 27, 1914, whose mother, one brother and one sister are nervous, had acute 
rheumatic fever at 16 and has had one attack of severe tonsillitis. For the 
last ten years she has been high-strung and easily frightened. For several years 
she has had dyspnea and palpitation on exertion. About December, 1913, all 

f these symptoms grew worse, and she began to have severe headaches, scanty 
menses, marked sweating and polyphagia and polydipsia. In February, 1914, 
she was badly frightened in a runaway, and the symptoms increased in severity. 
She has lost 15 pounds in weight 
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For the last two months she has been given thyroid “residue” by Dr. Rogers. 
April 4, both superior arteries were ligated by Dr. Rogers in Bellevue Hospital. 

Physical Examination——The patient is very thin, frame small, expression 
tired and neurotic, speech jerky and agitated, voice weak. Skin moist. Exoph- 
thalmos slight, eyelids puffy, no von Graefe’s sign, tongue and hands tremulous. 
Thyroid moderately enlarged, especially on the right. Cardiac impulse diffuse, 
maximum in the fifth space 8.5 cm. to the left of the midline. Action rapid 
and regular. 

Treatment and Course—After the first calorimeter observation, the two 
inferior thyroid arteries were ligated, April 29. May 13, the patient returned 
to the calorimeter room for the day feeling less nervous and more ambitious 
than before. June 22, she reported to Dr. Rogers weighing 112 pounds, pulse 90, 
general condition much improved. 


TABLE 5.—Curnicat Data 1n Case 5 


Food Urine 


Date, | Total! Pro- | Carbo- Ex- 4 N Urine Urine Body 
1915 Calo- | tein, | Fat, | hyd., | Food | Urine | creta Bal Glu- Vol., | Weight, 
ries | Gm Gm. | Gm N N |N,Gm.) ance, | cose, | c.c. kg. 
| | | , s Gm. Gm. 
corer Ee ——V———— | —E——EE 
- call a 
Apr. 10-11| 3,302 | 985.3 | 205.4] 268.8] 13.64 | sal | 63.95 
i | 
Apr. 14-15 2,330 66.2 127.4} 190.5 10.69 12.17 13.23 2.64 | Slight 747 | 68.44 
trace | | 
Apr. 15-16 | 2,803 69.5 170.2 250.1 11.12 12.16 3.27 —2.15 | Trace | 840 | 64.00 
Apr. 17-18| 2,942 87.3 160.6 265.8 | 13.97 13.34 14.74 —0.87 scene 1,100 
| 
Apr. 18-19 2,757 73.2 143.1 274.6 11.71 | 11.04 13.11 —1.40 cece 1,240 65.18 
Apr. 19-20 | 2,808 72.7 190.5 | 316.1 11.63 11.04 12.65 —1.02 | Trace! 1,080 | 64.64 
| | | 
Apr. 20-21 | 8,023 74.7 171.6 273.4 11.95 11.49 12.69 0.74 eeeee 1,460 65.28 


. | > 
Apr. 21-22; 2,714 83.3 149.5 239.6 | 13.32 | 11.82 13.13 +0.19 | Trace 1,420 | 64.65 





2,465 84.9 137.8 203.7 13.58 | 12.95 14.31 0.73 | Trace| 1,300 | 64.32 
| | 
3,006 85.6 189.3 218.1 13.70 12.81 14.18 1.37 |Heavy| 1,000 64.20 
| trace 
Apr. 24-25) 2,347 87.3 174.6 210.9 13.97 | 12.61 14.01 0.04 5.21 1,300 4.45 





t Urine N plus 10 per cent. of food N 


Case 7.—History—Anna R., aged 29, unmarried, cook and saleswoman, born 
in Ireland, admitted May 8, 1913, discharged June 5, five years ago had typhoid 
fever and shortly afterward noticed swelling of her throat. A year or so 
later her tonsils were removed by a doctor who told her she had a goiter. 
Since the attack of typhoid she has had at times tremor, palpitation, restless- 
ness and loss of weight. She thinks she has improved during the last two 
years. A year or so ago her friends noticed that her eyes were staring. She 
has been able to work up to the time of admission. 

Physical Examination—The patient is tall and thin, exophthalmos present, 
von Graefe’s and Stellwag’s signs present. There is slight tremor of hands 
and tongue. The heart is slightly enlarged, first sound of poor quality. The 
thyroid is moderately enlarged. 

Treatment and Course—May 8 to 11 temperature is normal, pulse from 84 
to 88, respiration from 20 to 22. The first calorimeter observation was on 
May 10. On the 12th under local anesthesia Dr. Rogers ligated the left superior 
and right inferior thyroid arteries and removed the tip of the left upper pole. 
May 16, the two other vessels were ligated and the tip of the right pole removed. 
After the first operation the temperature was 99 to 100, pulse 100-112, respira- 
tion 24 to 26. After the second operation she was given half a grain of the 
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Loomis Laboratory special thyroid extract every four hours until May 18 
She menstruated from May 16 to May 19. For three days after the operation 
the temperature was 99 to 102, pulse 96-130, respiration 24 to 32. By May 20, 
at the time of the second calorimeter observation, the temperature was almost 
normal. By May 25 she was up and about the ward. 

After leaving the hospital she spent two months in the country and gained 
weight up to 117 pounds. Since then she has been at work and has lost 
2 pounds, but has not felt nervous except when she works hard. May 14, 
1914, she returned for a calorimeter observation. The scars of the operation 
were well healed, the left lobe and isthmus of the gland were moderately 
enlarged and the right lobe considerably enlarged. She was still thin and 
nervous, and the voice weak and husky, but she looked a little better than 
a year ago 

A week or so after the last calorimeter observation she was married, and 
did well until her husband lost his job on account of the war. She started 
work in the store again, and her weight dropped to 104 pounds and all the 
symptoms returned. In March, 1915, she reported at the ward very thin, very 
nervous, hands very tremulous, skin moist, pulse very rapid and small 

Case 8.—History.—Sarah M., aged 29, chambermaid, unmarried, born in Ire- 
land, admitted April 29, 1914, discharged May 4, nine years ago came to America, 
and eight years ago began to suffer from loss of weight, nervousness, weakness 
tremor and enlargement of the neck. Three months later she was operated o1 
and apparently part of the thyroid gland removed. She recovered quickly, ana 
for the next six years enjoyed good health. One year ago she began to have a 
return of the weakness, nervousness and loss of weight. She became excitabl 
sweated easily, and slept poorly. At times she had palpitation. She thinks the 
neck has swollen again 

Physical Examination.—April 29, the patient is tall, fairly well nourished, and 
does not look sick. The eyes are a little brighter than normal, but there is m 
exophthalmos, no von Graefe’s sign and only slight weakness of convergence 
The left lobe of the thymus is absent, the right lobe moderately enlarged. Ther 
is slight tremor of the tongue and hands on excitement. The heart is not enlarg« 
and is not overacting; pulse from 86 to 97. The skin is a little moist and not 
flushed. 

Treatment and Course.—The afternoon of the calorimeter observation a par 
tial thyroidectomy was performed by Dr. Rogers. She made a rapid recovery 
and when she reported in February, 1915, she had no subjective or objective 
symptoms 

Case 9.—History—Marion B., aged 22, unmarried, admitted Feb. 4, 1915 
discharged February 5, was sent down from the Presbyterian Hospital, wher: 
her case was studied in detail by Dr. Geyelin. In 1912 the heart began to beat 
fast, she sweated easily and began to notice swelling of the neck. Four opera- 
tions were performed at the Presbyterian Hospital. In July, 1913, two arteries 
were ligated. Two months later the right lobe of the gland was removed. In 


February, 1914, an appendectomy was necessary. In July, 1914, part of the 
left lobe of the thyroid was removed, and she felt better until September, 1914 
when her nervousness returned. At the time of her admission she had beet 


menstruating four days 

Physical Examination—The patient is short and rather stout; excitable. She 
has a nervous, staring, angry expression. The exophthalmos is marked, th« 
pupils are dilated, the skin moist, the pulse small and soft 

Case 10.—History.—Margaret L., aged 51, married, with atypical exophthal- 
mic goiter, auricular fibrillation and mitral insufficiency, admitted March 25, 1914, 
died May 19, 1914. She had three children in good health. A year ago she 
began to feel nervous, and lost appetite and weight. She noticed a rapidly grow- 
ing swelling on the right side of the neck. This was removed by operation it 
July, 1913. Since then she has been worse and has violent palpitation of the 
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heart all the time. A month ago she began to have huskiness of the voice, 
swollen arms and legs and much dyspnea. 

Physical Examination—The patient is well developed and well nourished, dull 
mentally, slow of speech, the voice husky but not brassy. Skin thick, hard, dry, 
feels myxedematous. Slight exophthalmos, no von Graefe or Stellwagon sign. 





Fig. 5 (Case 12).—Benny L. Cretin holding ruler marked in inches. 


Right lobe of thyroid absent, left lobe slightly enlarged. Heart much enlarged 
with an irregularity shown by tracings to be due to fibrillation. There is a 
systolic murmur at the apex. There is some fluid in the right pleural cavity. 
She is dyspneic and looks seriously ill. 
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Treatment and Cours: At first she was given thyroid “residue,” but for thre¢ 
weeks before the calorimeter observation received no medication except codein 
and ammonium carbonate to control the cough. May 5, a small thymus gland 
was removed. Histologic examination showed “fatty infiltration of the thymus, 
thymic tissue appears normal.” After the operation she developed fever, rapid 
pulse, grew weaker and died. There was no necropsy. 


Case 11.—History—Miss B. H., aged 31, trained nurse, admitted April 4, 
discharged April 20, 1914. In childhood had pertussis, scarlet fever, measles, 
varioloid, mumps, bronchitis, typhoid fever at 15 years, appendicitis and peri- 
tonitis at 20, many attacks of tonsillitis and finally tonsillectomy at 22, and diph- 
theria at 29. For the last two or three years she has worked very hard as a 
nurse on difficult cases. 








Fig. 6 (Case 12).—Benny L. Cretin, 36 years old (continued). 


In 1910 she noticed that the thyroid was enlarged. In August, 1913, while 


nursing a typhoid patient she began to have severe diarrhea with eighteen move- 


ments a day. She vomited continually, the pulse was very rapid, and she was 
excitable and weak. 


After prolonged rest these symptoms would clear up enough 
to allow her to work once more. In January, 1914, the right side of the thyroid 
became enlarged and painful, nervousness increased and she lost 20 pounds. In 
February, 1914, the right lobe of the gland was removed. Two days later the 
voice, which had been clear, dropped to a whisper, and did not return to normal 
for a year or so. After the thyroidectomy the pulse rate dropped from an aver- 


age of 140 to 72, and she has had but little palpitation and no sensation of undue 
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warmth. The nervousness has begun just as bad, and she has diarrhea whenever 
she takes fats. At the time of admission to Bellevue she was much depressed 
over the loss of her voice, which she feared was to be permanent. 

Physical Examination —April 4, 1914, the patient is of moderate height (159.2 
cm.), thin, looks tired and nervous, at times excitable, but always anxious to 
cooperate in treatment or observations. There is a very slight exophthalmos, 
slight widening of the palpebral fissure, eyes bright, no von Graefe’s sign. There 
is no enlargement of the isthmus or remaining lobe. The heart is normal and 
not rapid. There is no dermatographia but at times there is tremor 


as ahi 














Fig. 7 (Case 12).—Benny L. Roentgenogram of hand. 


Treatment and Course—While in the hospital she was very nervous, slept 
poorly, and at times vomited. The temperature was normal, pulse 72 to 92, 
respiration 22 to 26. Until the completion of the second calorimeter observation, 
April 13, she received no medicine, then thyroid “residue,” 1 c.c. hypodermically 
twice a day until the third test. While in the hospital on a low diet containing 
about 4 gm. of nitrogen the urinary nitrogen was from 3 to 4 gm. a day. 

After leaving the hospital she went to the country, and her appetite improved 
and she gained strength and did well except for a sudden severe stomatitis 
which loosened her teeth. In March, 1915, she reported looking thin but almost 
well. She is able to do light work nursing if she rests between cases. Her phy- 
sician now attributes many of her symptoms during the past year to hysteria. 

Case 12.—History—Benny L., aged 36 (?), with cretinism, Hebrew, admitted 
April 8, 1914, discharged May 2, was taken to the Children’s Hospital on Ran- 
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dall’s Island sixteen years ago, and during that time has had no visitors, so that 
his previous history is unknown. He has not changed since his admission, and 
he is very happy playing with the boys and going to school, where he learn 
practically nothing. He can write his name, dress and feed himself and he cor 
responds to a child of about 7 years in the Binet test. In 1906 an attempt was 
made to transplant sheep’s thyroid into the pelvis of the left kidney and later into 
the abdomen. There were no favorable results. He has had numerous courses 
of treatment with Parke, Davis & Co. thyroid extract, but on doses as small as 
from one-half to 1 grain three times a day develops tachycardia, weakness and 





otten taints 
TABLE 6.—Cuirnicat Data 1n CAse 12 (Benny L.) 








Temperature Toial Carb., Fat, F ood Urine , Body Urine 
Da Calories ai Gn N N Weight Vo 
M Max ‘ 
1 8/l4 
i .4 S sl ) l ) l 
4 ‘ 8.4 8.4 l 8 112.0 ¢ 
‘ i4 18.2 98.2 1,227 125.0 , 7 
i ° g 1,396 140.0 ( ‘ 
‘ { ~ . 1,49 152.0 70.4 8.7 6.8 
/14/i4 8.f i 1,129 162.0 7.0 4.8 4.67 ‘ 7 
t s S.4 1,360 137.0 f ) 8 ° 
1/16/14 8.4 19.0 1,229 130.0 0 7 6.36 
4/17/14 8 4 100.0 8 ‘ 
4/18/14 7.8 . 1,128 109.0 5.0 6.8 . 
‘ 4 8.0 8.6 74 4.0 17.0 5.8 ! 
4/20/14 « 8.2 196 117.0 7A 6.9 f 1,1 
‘ i bet as 643 66.0 ) 6.1 { 
4 ‘ 8.0 s/ 18 19.0 ‘ 7.8 f 5 
‘ { g re Yi 7.0 38.0 14 1.8 4.20 
4/2414 i 8.0 1,0% 103.0 ¢ 81 
‘ 4 7.8 af 1,187 ) “ 6.4 1.04 
4/26/14 < . ' 03.0 14 ‘ g 
4/27/14 s 8 . 128 ' ‘ 
4/28/14 8 s 728 os 4 1.04 . 
4 4 i= ¥ x ) 
0/14 04 1,061 . ) $ 
14 7 10 ff ) 7.0 oy 
Physical Examination—The patient (Figs. 5-7) is short, 110.3 cm. tall ( 
feet 7% inches), stout, with prominent abdomen, short, trick extremities and 


short pudgy hands, the face is broad, wrinkled, with thick lips, broad nose, baggy 
eyelids, teeth widely spaced, in poor condition with much gingivitis and pyorrhea 
The thyroid is not palpable, heart normal, abdomen shows slight umbilical her 
nia. Scars over right kidney, skin very dry, harsh, inelastic with fine branny 


desquamation. There are pads of fat on each side of the neck, and others just 


nterior to axillae External genitals resemble those of a boy of 7; there art 
male secondary sexual characteristics. Blood pressure is 125 mm., Wasser 
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mann test strongly positive; the urine contains much sterile pus, evidently due 
to large calculi shown by roentgenoscopy to be in the pelves of the kidneys. The 
temperature was slightly subnormal most of the time, pulse 64-80, respiration 18. 

The patient was always in good humor. He had a good sense of fun and 
was a natural clown, his voice was hoarse and childish but he differed from the 
normal child in being able to sit quiet for hours at a time. He grew tired rather 
easily, his appetite was very small, his bowels constipated. April 27, in the after- 
nocn, the administration of thyroid extract was begun, 1 grain three times a 
day; the temperature rose to the level of 100 F, pulse 100, respiration 18, blood 
pressure 115. He felt limp, and looked sick so that the drug had to be discon- 
tinued. For clinical data see Table 6. 


DiscuSSION OF RESULTS 


THE BASAL METABOLISM IN EXOPHTHALMIC GOITER 

The determination of the basal metabolism in exophthalmic goiter 
is a matter of technical difficulty. The patients are excitable, restless 
and easily tired. For this reason great care must be used when nose 
or mouthpieces or face masks are employed, since these may prove 
uncomfortable toward the end of an experiment or series of experi- 
ments. The respiration calorimeter, although perfectly comfortable 
for a normal person for five hours, often tires a goiter patient 
after three hours. Fortunately the apparatus is so delicate and accu- 
rate that the measurement of the heat production by the method of 
indirect calorimetry is satisfactory after a preliminary period of three- 
fourths hour. Experiments one hour long could be employed, but two 
hour observations are more satisfactory since the method of direct 
calorimetry is not as accurate as could be wished in the first experi- 
mental hour. This will be discussed later. 

There is a distinct tendency for the patients to become more restless 
as the observation progresses, and it will be noted that the metabolism 
in the fasting experiments is usually higher in the second hour than in 
the first. There is also a tendency on the part of patients as well as 
normal controls to show a slightly higher metabolism the first time they 
are the subject of a real experiment, although they are all trained by 
a short “dummy experiment” a day or so previously. Goiter patients 
on some days are distinctly more disquieted than usual, and one gets 
the impression that on such days the increase in metabolism is due 
partly to the restlessness and partly to an exacerbation of the disease 
which causes both restlessness and increased heat production. 

It has long been realized that tremor and involuntary activity on the 
part of goiter patients might be responsible for a considerable portion 
of the increase in metabolism. Magnus-Levy discussed these factors, 
and found that the increase in metabolism is almost as marked 
when the patient is sleeping or under the effect of opium. He found 
also that the tremor of paralysis agitans increased the oxygen 
consumption only from 20 to 30 per cent. A careful scrutiny of the 
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results reported in the present work shows that restlessness, tremor and 


mental irritability contribute only a small percentage of the increase 
in most of the cases. The activity of the patients was checked by the 
delicate work-adder and by careful observation. All of the patients 


TABLE 7.—Tue INFLvueNce or SLEEP, RESTLESSNESS, Etc., ON METABOLISM 
IN Hourty Pertops 


Per 
Subject Calories Cent. Work 
and per Hour above Adder Behavior of Patien 
Date Ind. Lowest Cm 
Figure 


Case 1 (Max W.) 
Feb. 16 14.6 oe 31 A little restless; involunt 
end of period 
A little restless 


Calm and quiet 

Calm; slightly excited by visitor for 
ten minutes 

After dextrose; quiet 

After dextrose; very restless 


Mar. 4 ~ 5 Asleep the whole hour 
5 Awake, pulse rapid last half hour 


April 6 . 25 Quiet; asleep 50 minutes 
Very restiess 
Very restless; uncomfortable 


April 23, 1915 = p Fairly quiet; asleep 30 minutes 
Fairly quiet; asleep 5 minutes 


Case 2 (Edwin T.) 
Mar. 3 23 Quiet, reading 45 minutes 
Asleep 50 minutes in 90-minute period 


Mar. 6 { } Reading whole hour; very quiet 
Asleep 55 minutes; fairly quiet 


Mar. 10 75. > Sleeping; slightly restless 
7 Reading 55 minutes 


Mar. 22 7 ie Sleeping; very quiet 
Reading 55 minutes; quiet 
Asleep 


May ll 96.5 ° 5 Restless; stretched arms 
i Reatiess; vomited shortly after exp 


Case 3 (James McE.) 
Mar. 12 os Reading quietly 50 minutes 
2 Reading quietly 36 minutes 
Not reading; fairly quiet 


Mar. 31 oe Reading 60 minutes; quiet 
Reading 32 minutes; restless 


Case 4 (Dr. G. 8. L.) 


April 16 Fairly quiet 


29 
58 Slightly restless 
Case 6 (Anna K.) 


April 28 | 36 Restless 
‘ 38 Quieter 


were as quiet as the normal controls for at least some of the periods 
of observation. Most of them slept quietly during a considerable por- 
tion of some periods. When we compare the sleeping and quiet periods 
with those in which the patient was awake or excited or restless, we 
find no constant and striking increase large enough to change our inter- 
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pretation of the results. All of the experiments which show significant 
differences between the various periods either in the heat-production, 
work-adder reading or activity of the patient as noted in the protocol 
have been grouped in Table 7. Some of the patients were allowed to 
read while in the calorimeter, since it was found that they were quieter 
if their minds were pleasantly occupied. It will be seen that the metab- 
olism was about the same during the reading periods as during the 
periods of slightly restless slumber characteristic of this disease. 
Edwin T. (Case 2) was the only subject who showed an increase of 
more than 10 per cent. on accourt of movement. On March 10, reading 
seemed to increase the calories 16 per cent. March 22, the reading 
metabolism is about half way between that of two widely varying 
sleeping periods, and May 11 it rose on account of nausea in the last 
period. ; 

The results of all the respiration experiments are summarized in 
Table 8, and the average metabolism on the days of the basal deter- 
minations compared to the normal averages discussed in the thirteenth 
paper of this series. It will be noted that in all the thin patients the 
rise above the normal is less marked when the measurements are made 
according to the linear formula than if Meeh’s formula for the deter- 
mination of the surface area be employed. If we confine our attention 
for the time being to the basal metabolism during the first week that 
the patients were in the hospital, we can compare the cases here 
reported with those already described in the literature. In all there 
is a total of forty-five patients whose respiratory metabolism has been 
studied, fasting and as quiet as the circumstances would permit. It 
has seemed best to group these in Table 1 arranging them accord- 
ing to the calories per square meters of surface area as calcu- 
lated from Meeh’s formula. The calculation of the calories has been 
made from the tables of Magnus-Levy,” using the oxygen consump- 
tion and respiratory quotient, assuming that protein furnished about 
15 per cent. of the calories. This gives a more accurate basis of com- 
parison than the mere statement of cubic centimeters of oxygen or 
carbon dioxid per kilogram and minute. Still better comparisons might 
be made if we could use the linear formula or its modification ; but this 
is impossible because many of the authors do not give the heights of 
the patients. We are similarly handicapped in the tabulation of other 
symptoms, since many of the clinical reports are very brief. Still it 
is possible to make a fairly complete chart which allows us to see which 
symptoms accompany the cases with high metabolism. The plus marks 
are necessarily my own interpretation of the author’s statements. 


26. Magnus-Levy: Von Noorden’s Handbuch der Pathologie des Stoffwechsels, 
Ed. 2, 1906, i, 207. 
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At the head of the list comes Hirschlaff’s patient Louise B. shortly 
before her death with the most extreme symptoms of hyperthyroidism. 
There are eight other subjects whose metabolism is greater than 
56.5 calories per square meter per hour, a figure 75 per cent. above the 
average for women. Of these all are classified as severe or very severe, 
except one designated “ziemlich schwer.” All show a very rapid pulse, 
thyroid enlargement, exophthalmos, mental irritability, warmth of skin, 
tremor and emaciation. Eleven more patients are above the figure 
which represents a 50 per cent. increase in metabolism. Of these, 
one is classified as very severe, five are classified as severe, and five 
as moderately severe. With most of these the pulse rate averages 
over 100 and there are signs of cardiac enlargement. Goiter, mental 
irritability, tremor and warmth of skin are present in all. Exophthal- 
mos is absent in one, and the emaciation is slight as a rule. 

The figure 38.2 represents the upper normal limit for men, and 
35.5 that for women. Between these marks and that indicating a 
50 per cent. increase there are sixteen patients, six severe, one moder- 
ately severe, four mild, and the others atypical, “forme fruste” or 
simple goiter. In them the tachycardia is not so marked, and exophthal- 
mos and emaciation are inconstant. Goiter, mental irritability, tremor 
and warmth of skin are present. There are eight subjects within 
normal limits. Among these are four mild cases of exophthalmic 
goiter, two of simple goiter, and two cases in which operation had 
been performed, one of these being atypical from the start. One 
patient is below the normal limit. Magnus-Levy in one article classifies 
her case as half way between Kropf and “forme fruste,” and in 
another article as simple goiter and refers to her as hysterical. 

Age is a factor which changes our interpretation of some of the 
results. The boy M. P., aged 111% years, with a small struma, is 
really a little below the average level for his age. Frau B. and Fri. U., 
aged 52 and 55, respectively, are at an age when the normal metabolism 
is from 5 to 10 per cent. lower than the average figure for younger 
women. 

The patients whose metabolism is within or below the normal limits 
show but slight tachycardia, slight if any goiter or exophthalmos and 
no unusual warmth of skin. Two show mental irritability and tremor. 

We must not forget that some of the symptoms of hyperthyroidism 


are due either wholly or in part to the increased metabolism. The 


sensation of unusual warmth, the hot, flushed skin and the sweating 
are caused by the fact that each square centimeter of skin must radi- 
ate more heat than in a normal person. These phenomena are found 
with an increased metabolism from almost any cause, although it is 
quite possible that in exophthalmic goiter they may be more marked 
for the same degree of increase. In like manner the loss of 
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weight is due to the fact that the increased heat production is not 
balanced by an increased caloric intake and absorption. The appetite 
of the goiter patient would keep the weight stationary or even cause 
an increase were the metabolism normal. For some reason the appetite 
and absorptive powers in hyperthyroidism are not quite sufficient to 
maintain weight, although laboring men with a much higher caloric 
requirement per day remain in nutritive equilibrium. This may be 
accounted for in part by the increased nitrogen metabolism, which is 
usually ascribed to a toxic destruction of protein. Part of the increase 
in pulse rate is also due directly to the increased metabolism which 
necessitates a greater blood flow. This, however, would not account 
for all of the increase, since muscular work, raising the metabolism 
from 50 to 100 per cent., stems to increase the pulse rate by only 
10 to 30 beats per minute. Still we must remember in discussing the 
tachycardia and cardiac enlargement that the continued stimulation 
of metabolism in hyperthyroidism is very different from the stimula- 
tion due to muscular exercise which lasts for only a fraction of a 
day. If it were possible to stimulate the metabolism of a normal man 
twenty-four hours a day over the period of a year or more, we might 
perhaps reproduce the cardiac symptoms of hyperthyroidism as well 
as the warmth of skin and loss of weight. 

The more we study the table, the more apparent it becomes that 
the increase in metabolism is proportional to the severity of the dis- 
ease. The only exceptions in the group are found in doubtful or 
atypical cases, or those that have undergone operative treatment. Very 
severe cases show a metabolism 75 per cent. or more above the average, 
severe cases 50 per cent. or more, moderately severe and mild cases 
show an increase of less than 50 per cent., while a few mild and 
several atypical or cases in which operation has been performed are 
within normal limits. The degree of tachycardia, goiter, exophthalmos 
and mental irritability are roughly proportional to the increased heat 
production. Unfortunately we have not enough data to compare the 
level of metabolism with the degree of mononucleosis, the sugar toler- 
ance, the drop in blood pressure from large vessels to the periphery, 
the eye sympoms and many others that are considered of prime 
importance by various authors. 


THE RESPIRATORY QUOTIENTS 

In the patients with high basal metabolism, the respiratory quo- 
tients are necessarily low after a fast of seventeen hours or more. 
Most of them are close to the figure of 0.77, which indicates that 
about 17 per cent. of the calories are derived from the combustion 
of carbohydrates. With normal men the quotient under similar condi- 
tions varies rather widely, but averages 0.82, showing that about 32 per 
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cent. of the calories are derived from carbohydrates. Therefore goiter 
patients who are kept in bed in the hospital evidently have less available 
glycogen after a fast of seventeen hours than normal men who have 
been up and about during the evening and morning before the experi- 
ment. This may be due either to the fact that the thyroid patients have 
insufficient appetites and start the evening with a smaller store of 
glycogen, or else that they use up the starch of the food and the stored 
glycogen more rapidly than the controls. The respiratory quotients 
here reported give no indication of any qualitative change in the 
metabolism. The lowest average basal quotient is 0.75, and this is 
exactly what might be expected in patients with exceedingly high 
metabolism. In Case 1 (Max W.) the quotients rose to 0.94 on one 
day and 0.98 on another after the ingestion of 100 gm. of dextrose. 
The latter figure shows that 89 per cent. of the calories was being 
derived from carbohydrate from two to three hours after the sugar 
was taken. The urine passed immediately afterward contained 3.9 gm. 
glucose, but it is evident that this glycosuria was not due to any 
impairment of the power to metabolize carbohydrates. The explana- 
tion must be sought in an abnormality of mobilization. Cramer and 
Krause** show that after the ingestion of thyroid substance the liver 
no longer retains glycogen as before. 
DIRECT AND INDIRECT CALORIMETRY 

One contribution to the science of metabolism which can be made 
only by a respiration calorimeter is a comparison of the direct and 
indirect calorimetry. The former method depends on the direct 
measurement of the heat of radiation, conduction and vaporization. 
The latter depends on the measurement of carbon dioxid and oxygen 
and the calculation of the foodstuffs metabolized each hour. It has 
been shown in the fourth paper of this series that the two methods 
agree within 0.17 per cent. when normal controls are studied in periods 
lasting three hours or more. In the seventh paper it was shown that 
the method of direct calorimetry gave a total which was 2.2 per cent. 
less than the indirect total in typhoid fever, and that the average 
divergence of the two methods in the individual experiments was 


5 per cent. In the cases of hyperthyroidism here reported, the total 


number of calories measured is 8,052 according to the indirect method, 
and 7,823 according to the direct method, which is 2.9 per cent. lower. 
The individual experiments show that the average divergence is + 4.1 
per cent. With the cretin Benny L., the direct calorimetry was 1.5 per 
cent. higher than the indirect. When one considers the technical diffi- 
culty of making short respiration chamber experiments on sick patients, 
the close agreement of two absolutely independent methods is very 


27. Cramer and Krause: Proc. Roy. Soc. London, 1913, B., Ixxxvi, 550. 
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striking. The fact that the direct calorimetry is slightly lower can be 
ascribed to technical errors in the direct method, which have been dis- 
cussed in previous papers. It may be due to an unmeasured loss of 
heat to the bed and bed clothing or to an error in the measuremeni 
of the average temperature change of the body. The effect of these 
errors is minimized in long experiments such as are used in normal 
controls, but it is necessary to use short experiments with patients. 
The slight disagreement does not point to any disturbance of the inter- 
mediary metabolism. The law of the conservation of energy holds 
good in exophthalmic goiter. 


WATER ELIMINATION THROUGH SKIN AND LUNGS 


In the thirteenth paper of this series it was shown that under the 
atmospheric conditions prevailing in the calorimeter experiments, nor- 
mal men eliminated on an average 28.4 gm. of water an hour through 
skin and lungs. Of the total calories produced, the average percentage 
dissipated through vaporization of water was 23.9. Few of the 
experiments showed a deviation of more than 10 per cent. from 
this mean. 

In hyperthyroidism the heat production and water vaporization 
are both increased, and in Table 9 we see that they are increased in 
almost equal proportion. The average water elimination of the severe 
and moderately severe cases is 39.9 gm. per hour. On an average, 
25.7 per cent. of the heat is dissipated through vaporization, or almost 
the same as in the normal controls. The percentage rise in water 
elimination through skin and lungs would seem to be a valuable guide 
as to the extent of the rise in total metabolism. 


SPECIFIC DYNAMIC ACTION OF PROTEIN AND DEXTROSE 


Owing to the variations in the basal metabolism of goiter patients, 
the results of this part of the investigation are not as clear cut as 
might be desired. In Table 10 the figures obtained on Max W. 
(Case 1), Edwin T. (Case 2) and the little cretin, Benny L. (Case 12) 
are given. It is difficult to select the proper basis of comparison for 
these three groups. Should we use the same actual amount of food, 
the same amount per kilogram, per square meter of body surface or 
per calories metabolized per hour? Should we compare the results in 
terms of percentage increase in metabolism or in the terms of extra 
calories? In the two exophthalmic goiter cases the protein meals 
produced almost exactly the same percentage rise as in the normal 
controls. With Max W. (Case 1) the metabolism was higher after 
the meal containing the protein in the form of casein and egg albumin 
than after the same amount of protein as found in beef. Edwin T. 
(Case 2) showed just the opposite, but the meat contained more 





TABLE 9.—Water E.imInatTion or Goiter PATIENTS: BASAL EXPERIMENTS 


| 

| Average | Average Per Cent. 
Water, | Calories Calories Lost 

Subject and Date Gm. per Hour, through 
per Hour Dir. Calor. Vaporization 


Case 1 (Max W.) 


Feb. 16, 1914. encewewserocueeosess 23 

Mb EeKececececdcesesceces ‘ 95 | 105.52 
Feb. 27, 1914.. sunecas wees , | 100.34 
Mar. 4, 1914.. sowoanes = 2. 102.06 
Mar. 23, 1914.. 35 

Apr. 6, 1914 

Apr. 24, 1914. 

Apr. 23, 1914.. 


Average 


Case 2 (Edwin T.) 
Mar. 3 ™ 
Mar. 6, 1915.. 
Mar. 10, 

Mar. 22, 14 = 
May 11, 1915 


Average 


» 3 (J. McE.) 
Mar. 12, 1915.... 
Mar. 31, 1915.. 
May 14, 1915 


Average... 


Case 4 (Dr. G. 8. 1 
Apr. 9, 1914.. 
Apr. 16, 1914 


Average.. 
Case 5 (Peter N.), 


6 (Anna K.) 
Apr. 28, 1914 
May 13, 1914 
Average 
Case 7 (Anna R.) 
May 10, 1913 
May 2, 1913 
May 28, 1913.. 
May 14, 1914.. 


Average.. 
Case 8 (Sarah M.), Apr. 29, 1914 
Case 9 (Marion B.), Feb. 5, 1915 
Case 10 (Mrs. L.), Apr. 20, 1914... 


Case 11 (Bessie H.) 
Apr. 8, 1914... 
Apr. 13, 1914.. 
Apr. 18, 1914 


12 (Benny L.) 
Apr. 10, 1914. 
Apr. 23, 1914.. 
May 1, 1914. 


Averages Severe Cases 
Case 1 (Max W.).... 
Case 8 (James McFE.).. 
Case 4 (Dr. G. 8. L.).. , 
Case 6 (Anna K.)......... 
Moderately Severe— 
Case 2 (Edwin T.).. 
Case 7 (Anna R.).... 


Average of six cases.. 
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nitrogen than the casein meal. Max W. (Case 1) showed a some- 
what smaller percentage rise in metabolism than the normal controls 
after 100 gm. dextrose. The findings on the small cretin Benny L. 
(Case 12) are difficult to interpret on account of his low calorific 
cutput, but he seems to show results not far from the normal. 

It appears that the specific dynamic action of protein and dextrose 
is approximately the same as in health. There is certainly no marked 
increase such as some writers** have surmised, and there is no marked 
decrease such as is found in typhoid fever. There is little difference 
between protein in the form of meat and in the form of casein and 
egg albumin. 


TABLE 10.—Spectric Dynamic Action or Foops In HypertHYROIDISM 








i ele a | | | | | 





| | Average 
Average | Average | Average | Per Cent. 
No. Gm. N Gm. N | Gm. N Rise in 
of or or Dext. | or Dext. | Metab- 
Subjects Food Experi- Dext. per Kg. per olism 
| ments in of Body Cal. per | above 
Food Weight Hour Subject’s 
Basal 
a = = _ oemadeien 
Two norma! men....| Protein meal... ae 2 0.1 0.149 0.144 9.7 
| 
Case 1 (Max W.).... Casein and meat... | 2 8.9 0.146 0.082 9.5 
] 
Case 2 (Edw. T.).....| Casein and meat...| 2 9.6 0.19 0.12 9.0 
Case 12 (Benny L.)t | Protein meal....... 1 3.6 0.15 0.135 13.0 
Three normal men.. | GRRSSEP ..occccesess 3 100.0 1.37 1.36 9.7 
Case 1 (Max W.)..... NL ecoccecceseepeoessens 2 100.0 1.64 0.92 5.5 
Cee OP Bae Tad8 boi nccensicccsesvessens yy 100.0 4.20 3.7 15.0 
| 
Case 12 (Benny L.)# |.........ccccccccccces 1 70.0 2.94 2.6 70 











* Subjects were given 115 gm. commercial glucose, which are equivalent to 100 gm. pure 
glucose. 
t Cretin. 


THE EFFECTS OF TREATMENT 

Max W. (Case 1), after a stay of four months in various hos- 
pitals, was in the Bellevue metabolism ward for five days before the 
first determination of his basal metabolism. He received no treatment 
except good food, mental quiet and rest in bed with permission to get 
up and walk about for a few minutes at a time. In seventeen days 
the metabolism fell 12 per cent. After this he received the Beebe 
serum treatment with 1 grain of potassium iodid twice a day. In the 
next nineteen days the metabolism fell about 9.5 per cent., and the 
general condition improved correspondingly. Then while the treat- 
ment was being continued, the heat production rose almost to its level 
before the serum was begun. After one whole year of serum injec- 
tions, during which time he was at home and at work, he returned 





28. Von Noorden: New Aspects of Diabetes, New York, E. B. Treat & Co., 
1912, p. 20. 
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to the hospital with a metabolism 5 per cent. lower than the day before 
treatment was begun. His mental irritability had lessened, his strength 
had increased, but his heart had developed fibrillation. 

Edwin T. (Case 2) first took to bed when he was admitted to the 
metabolism ward. After a week of absolute rest in bed the first basal 
test was made. Three days later the metabolism was 13 per cent., 
and a week later 10 per cent. lower without medication. Subsequently 
it rose to within 4 per cent. of its original level under the influence of 
homesickness and some personal worries. He was given serum, but 
circumstances made it necessary to operate before a calorimeter test 
could be made. April 21, 23 and 29, all the thyroid arteries were 
ligated under painless local anesthesia. Twelve days after the last 
operation, his metabolism was 20 per cent. higher than before. He 
looked worse, but said he felt stronger. 

James McE. (Case 3) was in the hospital twelve days before his 
first basal test. Immediately after this he was put on the Forcheimer 
ergotin and quinin hydrobromate treatment. In nineteen days the 
metabolism fell 5 per cent. April 10, one artery was tied; May 2, an 


operation was interrupted by collapse on the part of the patient. 
Twelve days after this the metabolism was 6 per cent. above the 


lowest point previously measured. 

Anna K. (Case 6) was admitted to Bellevue April 27 and placed 
in the calorimeter the next day. On the 29th two thyroid arteries were 
ligated. Two weeks later the metabolism had fallen 17 per cent., which 
is about the decrease usually found during the first two weeks a 
patient is at rest in a hospital. 

The basal metabolism of Anna R. (Case 7) was measured the third 
day she was in the hospital, May 12. On that afternoon, and May 16, 
the four thyroid arteries were tied. Four days later the metabolism 
was 15 per cent. above its original point, and eight days later it had 
changed but little. One year later it was at its original level. 

The thyroid extract called thyroid “residue” had but slight effect on 
the metabolism. With Dr. G. S. L. (Case 4), a severe case, the 


metabolism rose slightly, with Miss B. H. (Case 11) it fell. 


OBSERVATIONS ON A_ CRETIN 

The basal metabolism of Benny L. (Case 12) averaged about 
20 per cent. below the normal for adults according to his measured 
surface area. Children of his size average about 40 per cent. above the 
adult figure. This increase seems to be due chiefly to the process 
of growth which is lacking in the 36-year-old cretin. Although Benny’s 
heat production is about half as great as that of a normal child of 
his size, we cannot consider him more than 20 per cent. below the 
normal for adults. The specific dynamic action of protein and carbo- 
hydrate, as we have said before, appears to be normal; but it is hard 





Subject, 

Date, | End 
Weight, | Period | of 
Surface Period 

Area, Linear 
Formula 
Case 1 (Max W.) Prelim 
2/16/14 
61.76 Kg. 1 
1.72 Sq. M. 


Prelim. 


Max W..... 
2/20/14 

61.60 Kg. 
1.73 Sq. M. 


Prelim 
1 
2 


Prelim. 


Max W...........-| Prelim. 


2/27/14 
60.86 Kg. 
1.70 Sq. M. 


Prelim 


Prelim. 


. g. 
1.68 Sq. M. 








TABLE 11.—Ciinica1 


Carbon 
Dioxid, per 
Gm. Hour, 


Gm 


Oxygen, R. Q. Water, 


m™m Gm. | | Gm. 


| 
| 
| Urine N 


0.466 


0.466 





0.663 


0.663 





0.319 


0.319 








Indirect Heat 


Calo Elimi 
rimetry, nated, 
Cal. Cal 


104.85 
114.24 


219.09 





101.10 


106.19 


207.29 


IN GOITER 





CALORIMETRY 


Direct 
Calo- 
rimetry 
Rectal 
lemp.), 
Cal. 


Rectal | 
+» | age 





Aver- 
Adder, 


Pulse Cm. 








| 
protein | 
R.Q. | 


0.754 


0.776 


Pro- 


Per Cent. 


‘alories from 


Carbo-| 
hyd. | 


Fat 











Calories 

per Hour 
Per Per Sq. M. 
Kg. (Meeh) 


Remarks 


Basal 
Restless 
Restless 


Dextrose in lem 
onade, 100 gm 
at 10:55-11:00 


Basal 

Quiet 

Quiet 

Dextrose in lem 
onade, 100 gm. 
at 9:55-9:57 
Quiet 

Restless 

Protein meal; 
N=89 gm. at 
10 a. m. 
Quieter 


Quieter 


Basal 

Restless 

Restless 

Protein meal; 
N = 9.0 gm. at 
10:04 a. m. 
Asleep 15 min. 


Quiet 


Basal 


Asleep all the 


hour 
Awake 


Basal 
Asleep 45 min 
Asleep 24 min 


Fairly quiet 





TABLE 11. 


Subject, 

Date, End 
Weight, Period of Dioxid, | Oxygen, Water, 
Surface Period Gm, Gm. Gm. 

Area, Linear | 
Formula 


Carbon | Urine N | Indirect Heat 

per Calo- Elim 
Hour, rimetry, nated, 
Gm Cal. Cal. 


Max W.. : Prelim 
4/6/14 
61.32 Kg 1 
1.71 Sq. M. 


0.402 
0.402 


0.402 


Max W. Prelim. 
4/24/14 
683.35 Kg l 
1.75 Sq. M. 


9 


Prelim. 


73 7 Kg. 1 2:12 $2. 81. i 5.0K 0.669 
1.854 Sq. M 
2 1 5.7 33. rv 97 0.668 


Case 2 (Edw. T.)..| Prelim. 
3/3/15 
49.75 Kg 1 
1.475 Sq. M. 


3 


Prelim 


50.39 Kg. 
1.483 Sq. M. 


| 
Edw. T. . : -| Prelim. | 
3/6/15 
W.00 Ke 
1.478 Sq. M. 


78.84 


150.02 


Edw. T.. oc Prelim 
3/8/14 
49.69 Keg. 
1.474 Sq. M. 


Prelim. 


1.47 Sq. M. 





(Continued ) 


Direct | | Per Cent. Calories 

Calo Rectal Aver Work- | Non Calories from per Hour 
rimetry Temp., age | Adder, | protein —_——— — - 

Rectal C. Pulse Cm. R. Q. Pro- | Carbo- Per Per Sq. M. 
remp.), | tein Fat | hyd. Kg. (Meeh) 
Cal. | 


Remarks 
36.68 pce eos eccce oe ee o< vo ...-. | Basal 
36.59 K 25 2 d , Asleep 50 min 


36.67 56 2 6 : Very restless 


36.80 197 | 28 5 52.97 Very restless 


Basal 


Basa) 

Asleep 30 min.; 
quiet 

Asleep 5 min.; 
quiet 

Basal 

Restless 
Reading 45 min 


Asleep 50 min. 


Protein meal* 
Asleep 60) in 
Reading 52 min 
Quiet 

Reading 30 min.; 
quiet 30 min. 
Basal 

Reading 60 min.; 
very quiet 


Asleep 55 min.; 
fairly quiet 


Meat; 10.19 gm. N 
at 8:55-9:04 
Asleep 60 min 
Reading 60 min 


Awake, restless 


Basal 


Asleep, slightly 
restless 
Reading 55 min 





3 


* Protein = 56.0 gm. (Nitro. = 8.95 gm.); Fat = 85 em; Carbh. — 47.1 gm.; 8:55 to 9:32 a. m. 





TABLE 11.— 


Subject, | 
Date, | End | Carbon 
Weight, Period °o Dioxid, | Oxygen, 
Surface | | Period Gm. Gm. 
Area, Linear 
Formula 


Urine N | Indirect | Heat 
r |} Calo- Elimi 

Hour, | rimetry, | nated, 
Gm. | 1 Cal 


Water, 


| 
| 


| 
| 
| 
| 
| 


BOW. T. oc ccccccces| Prelim. evece cose 
3/22/15 | 
49.17 Kg. 1 2: 25.8 23.71 
1.468 Sq. M. | 


| 
| 


Prelim 











Prelim. 


Case 3 (Jas. McE.))| Prelim. 
3/12/15 


41.16 Kg. M 
1.319 Sq. M. 


James McE. .......| Prelim 
3/31/15 
39.98 Kg 1 2: 30.55 


1.308 Sq. M. | 
| 2 : 31.49 


James McE. ......| Prelim. | 
5/14/15 | 
45.29 Kg. 1 | 2:11 31.9 0.301 
1.371 Sq. M. | 
| 


2 2 58.92 | 0.301 
Case 4 (Dr.G.8.L.)| Prelim. 
9/1 | 
1 
2 





| Prelim. 
0.742 


1.86 Sq. M. 
0.769 


Case 5 (Peter N.)..| Prelim. 

















(Continued ) 
| Per Cent. Calories | 
Work- Non- Calories from per Hour | 
Adder, | protein |_ —_ ————_—_ Remarks 
Om. | R.Q. - | Carbo Per Per Sq. M. 
Fat | hyd. Kg. | (Meeh) | 


Direct 

Calo- Rectal Aver- 
rimetry Temp., age 
(Rectal . Pulse 
lemp.), 

Cal. 


Basal 
Sleeping. very 


quiet 
Reading, quiet 


| 
| 
| 
| 
| 
| 


Sleeping 


Basal after liga 
tion 
Restless 


| 
| 
| 
| 

Restless 


Basal 6 mos. at 
ter ligation 
Quiet; sleeping 


Quiet; awake 


Basal 
Quiet; reading 
Quiet; reading 


Fairly quiet 


Basal after quinin 
and ergotin 
Quiet; reading 
Reading 32 min.; 
restless 28 min 


Basal after liga 
tion 
Fairly quiet 


Fairly quiet 


Basal 
Quiet 
Quiet 
{ Basal; at 9:35 
9:50 a. m. 1.0¢.c 
| thyroid “resi 
0.733 | due” 
O764 2 : | of : Fairly quiet 


Restless 


Basal 
Very quiet 


Very quiet 





Subject, 
Date, 
Weight, 
Surface 
Area, Lipear 
Formula 


Case 6 (Anna K.).. 


Anna K 
13/14 
44.50 Kg. 


Case 7 (Anna R.).. 
»/ 10/18 
46.71 Ke. 


Anna R 


Anna R. ... 


Anna R. ..... 
5/14/14 
48.20 Kg. 


Case 8 (Sarah M.) 
4/20/14 
55.96 Kg 


Period 


Prelim. 


l 


Prelim. 


1 


Prelim 


l 


Prelim 


Prelim 


l 


Prelim. 
l 


9 


Prelim. 
1 


Case 9 (Marion B.)| Prelim 
2/5/15 


1 


57.91 Kg. 


Case 10 (Mrs. L.).. 


4/20/14 
63.00 Kg. 


2 


3 


Prelim 
1 


2 


End 
ot 
Period 


Carbon 
Dioxid, 
Gm. 


Urine N 
Oxygen, » Q. Water, per 
Gm Gm Hour, 
Gm. 


4.91 


40.10 


TABLE 11. 


Indirect 
Calo 
rimetry, 
Cal. 


101.53 


204.10 





Heat 
Elimi 
Dated, 
Cal 





( Continued ) 


Direct Per Cent. | Calories 


Calo Rectal Aver Work Non- Calories from per Hour 
metry Temp., age Adder, | protein |___ 


. - — Remarks 
Rectal « Pulse cm R. Q. Pro- Carbo Per Per Sq. M. 

— tein Fat hyd. kg. (Meeh) 
Cal. 


Basal 
Restless 


Quiet 


Basal 


Very quiet 





Very quiet 


Basal 


Basal 
Quiet 
Quiet 
Quiet 


Basal 


Basal 1 yr. later 
Very quiet; dozed 
Very quiet; dozed 
Breakfast at 

a. m.; toast 20 
gm., milk 250 ec. 
Fairly quiet 


Fairly quiet 


Basal 
Restless 
Restless 


Reading 


Basal 
Restless 
Restless 





Subject, | 
Date, End 
Weight, of 
Surface Period 
Area, Linear 
Formula 


Urine N 
per 
Hour, 
Gm. 


Carbon 
Dioxid, 
Gm. 


| 
| 
| 


Water, 
Gm 


Oxygen, 
Gm. 


Period | 


Case 11 (Bessie H.)) Prelim. 
4/8/14 

47.06 Kg. 1 

1.42 Sq. M. 


Bessie H. .... Prelim 
4/13/14 

48.18 Kg. l 

1.43 Sq. M. 


Bessie H. . Prelim. 
4/18/14 

46.62 Kg. 1 

1.41 Sq. M. 


Case 12 (Benny L Prelim 
4/10/14 

22.30 Kg 1 

0.829 Sq. M. 


Benny L. .. Prelim. | 
4/14/14 

23.00 Kg. 1 

0.84 Sq. M 


Benny L Prelim. 
4/21/14 

24.04 Kg 

0.347 Sq. M 


0.316 


0.316 


Benny L. .. Prelim 
423,14 

23.97 Kg 1 

0.847 Sq. M. 


? 


Benny L. .. Prelim 
4/27/14 

23.86 Kg 1 

0.847 Sq. M. 


2 


3 


Benny L.. Prelim. 
5/1/14 
23.08 Kg. 1 
0.833 Sq. M. 


0.236 


0.236 





TABLE 


Indirect 
Calo- 
rimetry, 
Cal. 


50.60 


114.23 


95.46 


29.86 


118.38 





1] 


Heat 


k 


nated 


( 


lim 











(Continued ) 


netry 


Work- 
Adder, 
Um. | 


Non- 
protein 
R. Q. 


Rectal Aver 
Temp., age 

( Pulse 
p 


ul 


1.092 
1.083 


1.040 


Per Cent. 
Calories from 


Carbo 
hyd. 


Pro 


tein Fat 


Calories 

per Hour 

— Remarks 
Per 
Kg. 


Per Sq. M 
(Meeh) 


Very quiet 


Basal 

Very quiet 

Very quiet 
Lactose 100 gm.; 
water and lemon 
juice, 200 ce. 
Very quiet 

Very quiet 

Very quiet 
Protein meal at 
9:58-9:55 a. m.; 
N = 3.6 gm 
Very quiet 

Very quiet 

Quiet 

Quiet 


Basal 
Very quiet 


Quiet 


Dextrose, 70 gn 
at 10:20 - 10:22 
a.m 

Very quiet 


Very quiet 


Thyroid extract 
Very quiet 


Very quiet 
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to find the proper basis on which to compare it with results obtained 
on normal adults. The administration of thyroid extract raised the 
metabolism to normal in three and a half days, increased the pulse 
rate from about 80 to 95, and made the patient sick and miserable. 


THERAPEUTIC APPLICATIONS 

Mental and physical rest is the surest means of securing the drop 
in the metabolism which indicates a diminution in the pernicious 
activity of the thyroid. Psychotherapy is of some value, and this com- 
bined with rest may account entirely for the improvement following 
most of the so-called medical cures. Previous observers have found 
little or no reduction in the oxidative processes after treatment with 
“Radogen,” the serum of thyroidectomized horses, and the Roentgen 
ray. To this list may be added from the present work thyroid “residue,” 
the ergotin and quinin hydrobromate treatment, and Beebe’s serum. 
These remedies, however, were tried on but one or two patients, and 
a more favorable report might have been justified if more cases had 
been tested. In the treatment of hyperthyroidism, calorimeters and 
other forms of respiratory apparatus seem to be therapeutic nihilists. 

Some observers have found a prompt drop in the metabolism 
after a partial thyroidectomy. Ligation of the arteries usually causes 
a distinct rise in heat production which may last several weeks. 
This shows that following a ligation of the arteries the patients should 
be kept as quiet as possible and thyroid extract should on no account 
be given. 

It is quite possible that the above mentioned therapeutic agents 
control some of the minor symptoms of the disease or render the 
major symptoms less apparent to the patient and his physician. We 
cannot consider the patient to be anywhere near a cure until the 
metabolism has approached the normal. We cannot consider a thera- 
peutic agent to be curative unless it causes the metabolism to approach 
the normal more quickly than the tendency toward spontaneous 
improvement aided by mental and physical rest. 

The need of large amounts of food by exophthalmic goiter patients 
is clearly shown. There is no indication against the use of fairly 
liberal amounts of protein, and there is no reason to prefer the pro- 
teins of vegetables and milk to those of meat. The number of calories 
required per day varies with the weight of the patient, the severity 
of the case and the degree of muscular activity. In general, it may 
be said that exophthalmic goiter patients need from one and one-halt 
times to twice as much food as a normal person under similar con- 
ditions. Several of the patients studied produced over 100 calories 
an hour while at rest. Max W. (Case 1) and Edwin T. (Case 2) 
showed a slightly negative nitrogen balance when receiving 3,500 and 
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4,000 calories a day. Every effort should be made to give food of 
high caloric value in large amounts, or there will be losses of body 
fat and protein. 

SUMMARY AND CONCLUSIONS 


The metabolism in exopthalmic goiter has been studied for the first 
time in a respiration apparatus which is also a calorimeter. Thirty- 
seven observations were made on eleven patients with this disease, 
and six experiments were made on a cretin. With some of the patients 
the nitrogen balance was also studied. 

The measurement of the heat production gives us the best index 
of the severity of the disease and of the effect of treatment. Very 
severe cases show an increase of 75 per cent. or more above the normal 
average, severe cases 50 per cent. or more, and moderately severe and 
mild cases less than 50 per cent., while a few mild and several atypical 
or cases in which operation has been performed may be within normal 
limits. In severe cases the warmth of skin and sweating can be 
accounted for entirely by the necessity for the increased elimination 
of heat. At least a part of the tachycardia is due to the increased 
metabolism, and perhaps it might be possible to reproduce the extreme 
tachycardia, the cardiac enlargement, emaciation and mental irritabil- 
ity if we were able to stimulate the metabolism of normal men for 
twenty-four hours a day over a period of months or years. 

The specific dynamic action of protein and of glucose is within 
normal limits, and there is no consistent difference between the effects 
of protein in meat and an equal amount in milk and eggs. One patient 
was able to derive 89 per cent. of his calories from carbohydrate in an 
experiment when he was showing an alimentary glycosuria. There 
is evidently no interference with the oxidation of carbohydrates. 

The methods of direct and indirect calorimetry agree very closely 
when one considers the technical difficulties. The method of direct 
calorimetry gave results which were slightly lower than the indirect, 
the total difference being 2.9 per cent., and the average difference in 
the individual experiments being + 4.1 per cent. This and the absence 
of abnormal respiratory quotients shows that the law of the conser- 
vation of energy holds good in exophthalmic goiter, and that there is 
no profound disturbance of the intermediary metabolism. 

The average water elimination through skin and lungs in the 
severe and moderately severe cases of hyperthyroidism is 39.9 gm. per 
hour. The increase above the normal is closely proportional to the 
increase in heat production ; 25.7 per cent. of the calories are dissipated 
through vaporization in goiter patients, whereas the mean normal is 
almost the same, 23.9 per cent. 
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The level of the heat production was used as an index of the effect 
of medical treatment. Rest in bed for a week or more caused a drop 
of more than 10 percent. The effects of treatment with Beebe’s serum, 
thyroid “residue” ergotin and quinin hydrobromate was less marked 
each being tested on one patient. Ligation of the thyroid arteries with 
three out of the four patients studied caused a distinct rise in metabo- 
lism, the duration of which was uncertain. There is as yet no proof 
that any conservative form of treatment causes a greater reduction 
of metabolism than mental and physical rest. 

One small cretin 36 years old produced about half the calories 
eliminated by children of his size. As estimated by the surface area, 
his metabolism was about 20 per cent. below the normal adult level. 
Three and a half days of treatment with thyroid extract raised his 
heat production to normal. 


Note.—The work here reported was made possible by the cooperation of a 
number of associates who should receive credit for the major part of the work. 
The analyses of food, urine and feces were made by Mr. Frank C. Gephart, with 
the assistance of Mr. R. H. Harries and Mr. R. C. Stone. The electrical control 
of the calorimeter was in charge of Mr. G. F. Soderstrom, and the residual air 
analyses and calculations were made by Dr. A. L. Meyer and Mr. Harries. The 
results were checked and tabulated by Miss Grace Sims and Mr. Stone. Miss 
Estelle Magill and her assistants, Miss A. Honold, Miss M. M. Fauquier and 
others were responsible for the weighing and preparation of the food, the care 
of the patients and the collection of specimens. 


I wish to express my thanks to Dr. John Rogers for providing most of the 
patients and for cooperating very actively in the work. I also wish to thank Dr. 
S. P. Beebe for supervising the serum treatment and Dr. G. R. Lockwood of the 
First Medical Division of Bellevue for permitting the use of material from his 
ward, and to Drs. W. H. Brundage, T. C. Janeway and R. J. Shea, who also 
sent patients for treatment and observation. 
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HISTORICAL 


Che view that a paucity of hemoglobin must seriously impair the 
oxidative processes of the body received dogmatic credence for many 
years. Although based on a priori considerations, it was apparently 
supported by animal experimentation, chiefly that of Bauer.’ In 
Bauer’s experiments the effect of hemorrhage is difficult of ascer- 
tainment. Food, fasting and the mechanical effect of blood loss are 
disturbing factors. The vomiting of Bauer’s dog leads one to sus- 
pect that the animal was unfit for the purpose in hand 

At any rate, subsequent investigation on animals failed to sub- 
stantiate any pronounced fall in the metabolic functions of the body 
in anemia. The observations of Finkler,? Lukjanow,’ Pembrey* and 

* Submitted for publication Feb. 4, 1916. 

*From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division, Bellevue Hospital. 

1. Baur: Ueber die Zersetzungsvorgange im Thierkérper unter dem Einfluss 
von Blutenziehungen, Ztschr. f. Biol., 1872, viii, 567. 

2. Finkler Ueber den Einfluss der Str6mungsgechwindichkeit und Menge des 
Blutes auf die tierische Verbrennung. Arch. f. d. ges. Physiol. ( Pfliiger’s), 1875, 
x, 368. 

3. Lukjanow: Ueber die Aufnahme von Sauerstoff bei Erhéhthem Procente- 
gehalt desselben in der Luft, Ztschr. f. Phys. Chem., 1883, viii, 315. 

4. Pembrey: Influence of Bleeding and Transfusion on Respiratory Exchange, 
Jour. Physiol., 1895, xv, 449. 





966 THE ARCHIVES OF INTERNAL MEDICINE 


Girber and Delchef* effected a modification of the current hypothesis, 
inasmuch as no permanent departure from the normal metabolism 
could be found. There are variations, to be sure, but the tendency 
is distinctly toward normality. The slight increase in heat production 
which Fredericq® measured with the d’Arsonval compensation calo- 
rimeter is well within the limits of the experimental error. Only once 
did Hari,’ working in Tangl’s laboratory with a Rubner calorimeter, 
find an increase of 12 per cent. in the heat production of a dog. 

The anemias in animals have been artificially induced by blood- 
letting. It is open to question whether the anemias studied in animals 
are at all comparable with those obtaining in the clinic. When we 
come to the application of experimental methods to clinical anemia, 
the problem at once becomes decidedly more complicated. In addition 
to the simple anemias, there is the unique type of pernicious anemia. 
Chlorosis and leukemia may be included in the category because of 
their low hemoglobin content. Any difference that the clinical forms 
show may, quite apart from refinement of technic, be ascribed to 
essential differences between anemias artificially induced and anemias 
arising from pathologic agencies. 

Magnus-Levy* points out that Pettenkofer and Voit’s pioneer 
experiment on a leukemic man, if properly interpreted, actually reveals 
an increase in the metabolism. 

Both Kraus® and Bohland’® find the metabolism near the upper 


physiologic limits, and that in some cases (Bohland) it may really 
exceed these limits. Thiele and Nehring,'' while observing a slight 
increase in secondary anemia, could not establish a diminution in the 
In the hands of Magnus-Levy,” per- 


oxygen intake in chlorotics. 
nicious anemia yields a metabolism somewhat elevated. Grafe’* finds 

5. Giirber and Delchef: Einfluss des Aderlasses und der Transfusion auf den 
Wert des Atmungsstoffwechsel, Jahresb. ti. d. Fortschr. d. Thierchem. (Maly’s), 
1906, p. 561. 

6. Fredericq: De l’action physiologique des soustractions sanguines, Jahresb. 
ii. d. Fortschr. d. Thierchem. (Maly’s), 1887, p. 377. 

7. Hari: Der Einfluss grosser Blutverluste auf die Kohlensaure—und Was- 
serauscheidung und Warmeproduction, Arch. f. d. ges. Physiol. (Pfluger’s), 
1909, pp. 130, 187. 

8. Magnus-Levy: 
Ztschr. f. Biol., 1869, v, 319. 

9. Kraus: Ueber den Einfluss von Krankheiten auf den respiratorischen Gas- 
wechsel, Ztschr. f. klin. Med., 1893, xxii, 458. 

10. Bohland: Ueber den respiratorischen Gaswechsel bei verschiedenen Formen 
der Anamie, Berl. klin. Wehnschr., 1893, xviii, 417. 

11. Thiele and Nehring: Gaswechsel bei anamischen zustanden, Ztschr. f. 
klin. Med., 1896, xxx, 41. 

12. Magnus-Levy: Der Einfluss von Krankheiten auf den Energiesaushalt im 
Ruhestand, Ztschr. f. klin. Med., 1906, Ix, 179. 

13. Grafe: Die Steigerung des Stoffwechsels bei chronischer Leukamie, Arch. 


f. klin. Med., 1911, cii, 406. 


Ueber den Stoffwechsel bei einem leukamischen Mannes, 
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an amazing augmentation in leukemia. The results of these observers 
will receive further consideration. 


EXPERIMENTAL PROCEDURE 

The six cases of anemia which we wish to present were all studied 
from sixteen to eighteen hours after the last meal. The patients were 
at rest and in the lying posture. They were allowed to turn in bed 
occasionally and move their arms a little. While it is desirable that 
there should be no unnecessary movements, we believe the subject 
should be as comfortable as the conditions of the experiment will 
permit. 

The exact routine previous to the actual observation has received 
detailed consideration in another place.** The body temperature was 
measured by means of an electric resistance thermometer placed in 
the rectum. Surface thermometers were not used. It has been found 
that when there are no rapid fluctuations in body temperature the 
rectal temperature is the more reliable but is by no means absolutely 
satisfactory. Owing to the limitations of the rectal thermometer, and 
its failure to register accurately the mean temperature changes of the 
body, we still use the method of indirect calorimetry as a standard, 
for reasons previously discussed. 


HISTORIES OF PATIENTS 


Case 1.—History.—Daniel V. (splenic anemia, congenital syphilis), aged 21 
years, elevator boy, white, French West Indies, admitted April 16, 1913, dis- 
charged July 30, 1913, had severe dysentery in 1897, and tropical fever with 
black stools in 1902. He had pain in the left side in 1910. He came to New 
York in 1912. A fine rash appeared on the body, March 30, 1913, and the 
patient became pale. March 27 and again two weeks later, he vomited blood. 


Physical Examination—April 16, the patient was tall and thin, with por- 
celain colored skin. Soft systolic murmur. Spleen palpable 7 cm. below costal 
margin. Hemoglobin, 25 per cent.; erythrocytes, 1,700,000. Differential count 
normal except for 1.5 per cent. myelocytes. Wassermann reaction positive. 
April 19, transfusion, 500 c.c. Spleen larger. April 23, transfusion, 750 c.c. 
April 24, spleen 11 cm. below costal margin in midclavicular line. Dark stools. 
April 26, transfusion, 760 c.c. Hemoglobin, 25 per cent.; erythrocytes, 1,976,000. 
May 9, patient put in the calorimeter. Blood pressure: systolic, 108; diastolic, 
48; temperature 99-100; pulse 96; respiration 20; stools, four or five every day. 
Wassermann positive. 

The spleen was removed several weeks later, and the patient improved rap- 
idly. He was seen a year later in good health. 

Case 2.— History. — Andrew K.” (pernicious anemia), aged 27, plumber, 
entered the hospital Sept. 10, 1911, with a high grade of anemia. He improved 


14. Gephart, F. C., and Du Bois, E. F.: Clinical Calorimetry, Fourth Paper, 
The Determination of the Basal Metabolism of Normal Men and the Effect 
of Food, THe Arcuives Int. Mep., 1915, xv, 835. 

15. Case reported by Coleman and Hartwell: Med. Rec., New York, 1914. 
Ixxxv, 1160. 
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under the syrup of ferrous iodid, sodium cacodylate and Blaud’s pills. He was 
discharged Nov. 1, 1911, and readmitted June 23, 1913. He worked as street car 
conductor but had to stop work because of weakness. There was no history 
of syphilis. 

Physical Examination—The patient’s skin was lemon yellow, there was 
extensive pigmentation, and the teeth were in bad condition. The spleen was 
three fingers’ breadth below the costal margin. Jan. 24, 1913, the hemoglobin 
was 50 per cent.; erythrocytes, 1,600,000; marked anisocytosis and poikilocytosis. 
Slight polychromatophylia. Leukocytes, 6,000. Stools negative. During the 
ensuing four months there were low, continued fever, attacks of diarrhea, pro- 
gressive weakness and high pulse rate. Several transfusions were made. The 
last transfusion was interrupted by hemolysis. Two hours later severe chills 
and temperature of 103.8. Four hours later, 2 ounces of bloody urine. 


Treatment and Course—July 8, normoblasts 26 to every 100 leukocytes. 
Leukocytes, 2,000; polymorphonuclears, 64 per cent.; lymphocytes, 30 per cent.; 
large mononuclears, 3 per cent. October 29, splenectomy. Cytologic details 
essentially those of erythrogenesis and myelogenesis. November 3, lemon yel- 
low color disappeared. Picture of severe secondary anemia. November 17, 
leukocytes 12,000. December 6, leukocytes 16,000. December 29, hemoglobin, 
27 per cent.; erythocytes, 1,280,000; normoblasts, 51, and megaloblasts 11 to every 
200 leukocytes. Jan. 6, 1914, leukocytes, 22,400; January 13-29, neosalvarsan. 
Patient grew weaker. February 25, hemoglobin, 18 per cent.; erythrocytes, 
1,264,000. Normoblasts 111 and megaloblasts 16 to every 200 leukocytes. March 
11 and 17, patient put in calorimeter. Pulse during March ranged from 100 
to 124; respirations from 24 to 28; blood pressures: systolic, 142; diastolic, 50 
(March 27); temperature, from 99 to 100. April 24, patient looked and felt 
better. Beginning to sit up. April 28, Wassermann reaction positive. Patient 
died December, 1915. 


Case 3.—History—Martin C. (pernicious anemia, transverse myelitis), 
driver, aged 32, admitted Jan. 8, 1915, died December, 1915, complained chiefly 
of weakness, shortness of breath, palpitation and paralysis of legs. In 1905 he 
slipped and had a bad fall which left him with a persistent pain between the 
shoulders. One year later the pains suddenly disappeared, but his legs began 
to grow numb and he lost good control of his feet. Soon after he was unable 
to walk and unable to control his bowels. In 1912 he began to grow stronger, 
and was able to walk with crutches. In February, 1914, he noticed general 
weakness. In December, a month before admission, he began to suffer from 
anemia, dyspnea, palpitation, nausea and insomnia. 

Physical Examination—January 8, the patient was very pale, poorly devel- 
oped and poorly nourished. Cardiac impulse forceful and diffuse. Apex in 
fifth space 56 cm.; left border 12 cm. from midsternal line; base in third 
space. Presystolic thrill over precordium. Presystolic murmur and _ systolic 
murmur at apex, the latter transmitted to axilla. Systolic murmur at aortic 
area. Corrigan pulse. Spleen palpable. Legs paralyzed, wasted and atrophic. 
Babinski reflex present. Lymph nodes generally enlarged. Incontinent of urine. 
January 13, eyegrounds showed presence of old retinal hemorrhages. January 
20, erythrocytes, 650,000 ; normoblasts, 47; megaloblasts, 6. Anisocytosis, poikilo- 
cytosis and polychromatophylia marked. January 29, patient in the calorimeter. 
January 28 to February 23, temperature from 99 to 101; pulse from 100 to 
124; respirations, from 20 to 30. February 2, hemoglobin 23.4 per cent. Febru- 
ary 10, fluid on left side of chest. Thoracentesis. February 16, hemoglobin, 
20 per cent. February 27, dulness on left side persisted. March 17, heart not 
enlarged. Systolic murmur over second left space and over apex. Edge of 
liver felt indistinctly at umbilicus. March 23, erythrocytes, 472,000; leukocytes, 
2,600; anisocytosis and poikilocytosis very marked. May 4, patient put in 
calorimeter. Hemoglobin, 21 per cent. Apex impulse diffuse. Left limit dul- 
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ness, fifth space, 13 cm.; fourth space, 11.8 cm.; third space, 10 cm.; right 
limit, 2.8 cm. from midsternal line. Loud booming systolic murmur at apex. 
To left of sternum there was a soft blowing sound in diastole. Posteriorly left 
side flatness below angle of scapula. Patient later got up in a chair and dressed 
himself. Slightly jaundiced. April 24 to May 22, temperature normal to 100; 
pulse 72 to 115; respiration, 20 to 24. At necropsy in December, 1915, a bony 
tumor was found pressing on the spinal cord, causing a transverse myelitis. 


Case 4.—History—Bartolo D. (pernicious anemia), aged 50, laborer, admitted 
Feb. 22, 1915, discharged March 21, 1915, complained chiefly of weakness, and 
pain in abdomen. Four months ago he felt sick but was able to continue work. 


Physical Examination—February 22, poorly nourished. Appearance chronic- 
ally ill. Skin of peculiar greenish yellow. Conjunctiva pale. Heart regular 
in rate, force and rhythm. Soft systolic murmur over entire precordium. 
Pulse regular in rate, force and rhythm. Tension low. Vessel walls thickened. 
Slight distention of abdomen. Extremities wasted. General lymphatic enlarge- 
ment. February 23, blood pressure 95 (systolic). February 24, temperature 
rose to 100.7, after which it remained below 100. Pulse varied from 80 to 100. 
February 28, blood pressure, systolic, 92; diastolic, 70. March 4, stools nega- 
tive. March 5, red cells 1,328,000; hemoglobin, 27 per cent.; megaloblasts, 6; 
iewkocytes, 4,200; polymorphonuclears, 71; lymphocytes, 28. March 15, con- 
dition unchanged. Patient put in calorimeter. Complained of weakness and 
toothache. Stools large, possibly due to poor absorption. On strong positive 
nitrogen balance. March 18, red cells, 2,200,000; hemoglobin, 44 per cent. 
Wassermann reaction negative. 


Case 5.—History—Daniel O. (pernicious anemia, mitral stenosis and insuf- 
ficiency), aged 38, steam fitter, admitted April 11, 1915, discharged May 10, 
1915, complained chiefly of dizziness and weakness. Pain in lower lumbar 
region. The patient was moderately alcoholic. In 1905, kidney trouble. Had 
been able to work hard during past year. For several months had had a dry 
cough; slight impairment of vision. In March friends noticed pallor. April 
4, 1915, pains in lower lumbar region with fainting and dizziness. 


Physical Examination—April 11th, patient was pale and sallow. Looked 
sick. Conjunctiva edematous. Face puffy. Teeth bad. Lungs showed signs 
of chronic bronchitis and passive congestion, especially posteriorly. Sibilant 
and sonorous rales. Heart sounds of poor muscular quality. Presystolic thrill 
and systolic murmur over apex, the latter transmitted to the back. Aortic 
second somewhat accentuated. Pulse regular in rate and rhythm, and of fair 
force. Liver two finger’ breadths below umbilicus. Spleen not felt, but area 
of dulness increased. April 15, red cells, 1,800,000; hemoglobin, 40 per cent.; 
polymorphonuclears, 56; transitionals, 16; lymphocytes, 16; large mononuclears, 
8; eosinophils, 2.5; mast cells, 1.5; megaloblasts, 2. Respirations, 20. April 26, 
patient put in calorimeter. Felt better than on admission. Not strong enough 
to work. Lemon tinted color. Eyelids puffy. Could walk up one flight of 
steps without stopping. May 4, blood pressure: systolic, 130; diastolic, 80. 
May 10, no complaints. Discharged. (Urine showed faint trace albumin; occa- 
sional casts, and numerous leukocytes.) 


















































OF RESULTS 





DISCUSSIONS 
The average figures for the normal metabolism have been given 
in the thirteenth paper of this series. 

In pernicious anemia we have obtained an increase of metabolism 
in all of the five cases. The figures vary from 2 to 33 per cent. above 


the average normal. The highest heat production was found in 
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Martin C. (Case 3). Unfortunately his temperature was a trifle above 
the normal, and he was also a little restless during this observation, as 
is indicated by the work-adder, the readings of which were 25, 22 and 
31 for the first, second and third hours, respectively. A reading of 
7 cm. is equivalent to turning from back to side. A correction of at 


TABLE 1.—Detars 


Subject, } 

Date, End | Carbon | Urine N | Indirect 
Weight, Period of Dioxid, | Oxygen, . Water, per Calo- 
Surface Period Gm. | Gm. Gm. Hour, rimetry, 

Area, Linear | Gm. Cal. 
Formula | 


Case 1 (Daniel V.) | Prelim. 
5/9/13 


61.35 Keg. 1 


Case 2 (And. K.)... | Prelim 
3/11/14 
52.72 Kg. 1 
9 
Andrew K. ........| Prelim. 
3/27/14 | 
52.08 Kg. 1 


9 
2 





Case 3 (Martin C.)) Prelim. 
1/29/15 
47.30 Kg. 1 
1.49 Sq. M. 


3 


Martin C. . Prelim 
5/4/15 
4.21 1 
1.44 Sq. M. 


9 


Case 4 (Bart. D.)..| Prelim 
3/15/15 
41.80 Keg. 1 
1.39 Sq. M. 


9 


3 
Case 5 (Daniel O.) | Prelim 
4/26/15 
00.05 Keg. 
1.66 Sq. M. 2: 20.57 0.765 


0.769 


least 10 per cent. is therefore necessary to account for these two 
factors. 
Only in Cases 2 and 3 (Andrew K., and Martin C.) did the heat 


production exceed the range of normal variation. Both are examples 
of severe anemia from the clinical point of view, with a hemoglobin 


OF 


Heat 
Elimi 
nated, 
Cal. 
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percentage of less than 25. It is of interest to note that Martin C. 
had practically lost the use of his legs, and that his extremities were 
wasted and atrophic as the result of a transverse myelitis. 

3artolo D. and Daniel O. (Cases 4 and 5) cannot be said to show 


a pathologic increase of metabolism. It is not likely that the insuf- 


CALORIMETER EXPERIMENTS 


Direct : : Per Cent. | Calories 
Calo Rectal | Aver- | Work- Non Calories from per Hour Remarks 
rimetry Temp., age | Adder, | protein |__ ee Seen Surface Area 
(Rectal Cc. Pulse | Om. -Q. Pro- Carbo- Per Meeh’s Formula 
— | tein | Fat hyd. | Kg. Per Sq. M. 

Cal, | 


Sq. M.= 
1.915 
Very quiet; slept 
most of time 
Slightly restless 
Restless 


Basal; Sq. M. 
1.731 


Basal; Sq. M. 

1.706 

Asleep most < 

Ist period 

Asleep half of 2 
restless 


Somewhat rest 
less 
Restless 5 min. 
Restless 5 min 
Basal; Sq. M 
1.539 (M) 
0.841 9. $ 2 1.3 cakes Fairly quiet; 
voided 
0.902 7 30.3 58. 57 ean Very quiet 
Basal; Sq. M.= 
1.483 
0.869 B. 38. 7 ° 31.36 Very quiet 
0.793 : 53. 25.5 : 34.2: Quiet 
0.837 ° 2 oa 34.8 Quiet 
Basal 
Quiet 


Quiet 


ficiency of the mitral valve in Daniel O.’s case could in any way have 
affected his metabolism. Clinically the condition of these two patients 
was not so severe. Their hemoglobin approximated from 40 to 44 
per cent. of the normal. Daniel O. was able to walk up one flight of 
steps without stopping on the day of the observation. 
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Daniel V. (Case 1) is a case of splenic anemia with congenital 
syphilis. At present we do not know what bearing the history of 
syphilis has in this connection. 

The literature affords considerable evidence that the methods of 
direct and indirect calorimetry may show remarkable agreement. This 
agreement has been shown by Rubner and Lusk on dogs; by Atwater 
and Benedict on man; by Carpenter and Murlin on parturient women, 
and by Howland on babies. Gephart and Du Bois,"* in their study of 
normal men, found that the totals of indirect and direct heat pro- 
duction came within 0.17 per cent. of each other, and that even in 
one hour periods the agreement was striking. 

It is of the utmost importance to determine whether the same 
agreement can be demonstrated in disease. Coleman and Du Bois,’® 
in their series of sixty experiments on typhoid patients, obtained an 
average divergence in individual experiments of 5 per cent., and a 
total divergence of 2.2 per cent. 

In our series of anemic patients (Table 2) the total divergence 
between direct and indirect calorimetry is about 3.3 per cent. In 
three of the observations the variation is from 1 to 3 per cent. The 
greatest discrepancy is 12 per cent. In hourly periods the least diver- 
gence is 1 per cent., the greatest 12 per cent. In the total there were 
seventeen one hour periods. In ten of these periods the two methods 
agreed within 2.5 per cent.; in two, within 8 per cent.; in four, within 
from 10 to 12 per cent. 

The relationship between the volume of carbon dioxid produced 
and the volume of oxygen consumed justifies the inference that there 
is no profound qualitative change in the metabolism of pernicious 
anemia. There is no evidence of increased protein consumption. The 
nonprotein respiratory quotients vary from 0.76 to 0.87, indicating that 
fat and carbohydrate are burned to the same end-products as in health. 

In Table 3 we have tabulated the results obtained by others in a 
variety of anemias. In all cases in which the heat production was not 
given, we have converted the oxygen consumption per kilogram per 
minute into calories per square meter per hour, on the assumption that 
15 per cent. of the calories are derived from protein. The area of 
body surface was computed according to Meeh’s formula. We have 
indiscriminately applied the normal figure 34.7 calories per square 
meter per hour to all observations in arriving at the percentage 
increase or decrease in metabolism except in our own cases, in which 
the linear formula standards have been used in all cases measured 
by this method. The standard normal of 34.7 is not strictly accurate, 


16. Coleman, Warren, and Du Bois, E. F.: Clinical Calorimetry, Seventh 
Paper, Calorimetric Observations on the Metabolism of Typhoid Patients With 
and Without Food, THe Arcuives Int. Mep., 1915, xv, 887. 
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inasmuch as many of the subjects were women. In sixty-eight women, 
Benedict, Emmes, Roth and Smith found the heat production to be 
32.2 calories per square meter per hour, or 7 per cent. lower than in 
men. 

It will be observed that Magnus-Levy’* and Kraus’ found the 
metabolism in pernicious anemia from 4 to 17 per cent. above the nor- 
mal. The correction for sex would increase the percentage in the 
case of Magnus-Levy, but would leave it unaffected in the case of 
Kraus, because his subjects sat on a chair, a posture which sometimes 
raises the metabolism. 


It is interesting to notice the striking contrast between the metabo- 


lism of pernicious anemia and that of leukemia. Both Bohland’® and 


Kraus® were led to erroneous conclusions regarding the metabolism 
of leukemia. This is to be explained by the fact that Bohland allowed 
a variation of over 30 per cent. from the average consumption of 
oxygen of a normal individual at rest. Kraus’ upper physiologic limit 
of 5.75 c.c. oxygen per minute is rather high. If we interpret their 
results with reference to the modern base line in terms of heat units, 
their leukemic patients show a marked rise of metabolism. Bohland, 
who used the Zuntz-Geppert apparatus, states that all of his experi- 
ments were performed from five to six hours after the midday meal, 
or from three to four hours after breakfast, or else in the morning 
in a “niichtern” state. Three of the observations which we have 
tabulated came between 6 and 7 in the evening and one at 10 o’clock 
in the morning, so that in all four the metabolism was still affected 
by the previous ingestion of food. Kraus, who also employed the 
Zuntz-Geppert method, allowed his patients to sit upright on a chair. 
This in itself would doubtless elevate the metabolism somewhat. 

Grafe™ used a modified form of the Jaquet apparatus in his experi- 
ments on leukemic patients. Eliminating those experiments, in which 
the subject was dyspneic and very restless, we obtain figures from 
6 to 50 per cent. above the normal of 34.7. 

Kraus,” Magnus-Levy™ and Thiele and Nehring" have investigated 
chlorosis and secondary anemia. When we express the oxygen absorp- 
tion which Kraus found in chlorosis, and secondary anemia in terms of 
calories, the metabolism is abnormally high. We must again remember 
that Kraus permitted his patients to sit during the observation. Mag- 
nus-Levy’s results do not exceed the normal bounds. In the work 
of Thiele and Nehring we meet for the first time a lowered metabo- 
lism in an anemic state, although they, themselves, believed that a 
diminution in the oxygen intake could not be demonstrated in 
chlorosis. 
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COMPENSATORY FACTORS IN ANEMIA 


It is clear from the foregoing experimental results that a reduction 
in the hemoglobin does not preclude the possibility of either a normal 
or an augmented metabolism. There is no evidence that metabolism 
runs its course on a lower plane in anemia. The demand for oxygen 
may far exceed the demand in health. How, then, is the require- 
ment met ? 

In health, oxygen combines with hemoglobin by reason of chemical 
affinity. It is conceivable that in disease Nature may resort to physical 
means of increasing the combining capacity of hemoglobin. Such a 
conception, however, appears improbable from a comparison of 
Butterfield’s'’ work with that of Peters.’* Butterfield found that the 
ratio of CO (or O,): Fe averaged 399 in eleven patients, some of 
whom were anemic. This agrees remarkably well with the average 
specific oxygen capacity of 411, which Peters obtained with normal 
blood, using quite a different method. We may conclude that in 
anemia, physical means play no role in the absorption of oxygen apart 
from the slight amount taken up by the plasma in physical solution. 

Normally the supply of oxygen to the tissues is beyond the imme- 
diate requirement. In anemia when the hemoglobin content is low 
and the volume per cent. of oxygen is correspondingly diminished, the 
consumption of oxygen remains normal, or may even be above the 
normal. Since no means of augmenting the oxygen carrying capacity 
per unit of blood has been demonstrated, it is manifest that the margin 
of safety must be encroached upon and that the blood must return to 
the heart in various degrees of asphyxia. That this is actually the 


20 


case appears in the work of Mohr,’* Morawitz and Rohmer”? and 
Kraus and Chovstek.** In certain forms of anemia, under conditions 
of rest and with a metabolism near normal, the extra quota of oxygen 
which Nature has generously provided would suffice. A simple calcu- 
lation, however, will show that in some patients other factors must 
be brought into play. Let us take, for instance, the case of Andrew K. 


(Case 2), whose metabolism was high and whose hemoglobin was 


20 per cent. of the normal. With this amount of hemoglobin, 100 c.c. 


17. Butterfield: Ueber die Lichtextinktion, das Gasbindungsvermégen und 
den Eisengehalt des menschlichen. Blutfarbstoffes in normalen und krankhaften 
Zustanden, Ztschr. f. physiol. Chem., 1909, Ixii, 173. 

18: Peters: Chemical Nature of Specific Oxygen Capacity in Hemoglobin, 
Jour. Physiol., 1912, xliv, 131. 

19. Mohr: Ueber regulierende und compensirende Vorgange im Stoffwechsel 
der Anamischen, Ztschr. f. exper. Path. u. Therap., 1906, ii, 435. 

20. Morawitz and Réhmer: Ueber die Sauerstoffversorgung bei Anamien, 
Deutsch. Arch. f. klin. Med., 1908, xciv, 529. 

21. Kraus and Chovstek: Ueber den Einfluss von Krankheiten auf den 
respiratorischen Gaswechsel, Ztschr. f. klin. Med., 1893, xxii, 573. 
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of blood would contain 3.7 c.c. of oxygen. Assuming a pulse rate 
of 70 and an average normal output per beat of 50 c.c., the minute 
output of oxygen would be 130 c.c. His actual need was about twice 
this, namely, 252 c.c. oxygen per minute as determined by the calo- 
rimeter. His pulse rate averaged 101, and therefore his output per 
beat must have been at least 66 c.c. to supply enough oxygen to meet 


Plesch** and Mohr"® call attention to the increased output and pulse 
frequency in anemia. A more liberal supply of blood to the tissues 
may at times be favored by a greater respiratory volume. That the 
depth of respirations increase has been noticed by Jurgensen,** Kraus® 
and others. It is chiefly of value in facilitating the filling of the right 
heart. Its effect on the absorption of oxygen is negligible. 


THE CAUSE OF HIGH METABOLISM IN ANEMIA 


In anemia we frequently encounter signs of rapid regeneration. 
Normoblasts and megaloblasts may be present in secondary anemia, 
but are especially characteristic of pernicious anemia. Whether or 
not this is a reversion to the embryonic type of cell formation, the 
fact remains that these cells constitute a considerable mass of young 
tissue in the process of development. Their number in the peripheral 


blood is no measure of those present in the body. In the blood of 
rabbits with subchronic anemia experimentally induced there is a 
pronounced consumption of oxygen and production of carbon dioxid 
in vitro. This Morawitz** attributes to the presence of nucleated 
red cells. 

In the leukemias we also see nucleated red cells, but their number 
is insignificant compared with the enormous increase in the white cells. 
Grafe™ believes that the white blood cells are an important factor in 
the extra heat production of leukemia. 

Zuntz, Lowy, Miller and Caspari*® show that muscles poorly sup- 
plied with oxygen are functionally less efficient. Accessory muscles 
are called on to cooperate in the accomplishment of any task. The 
mechanism of the vital function of respiration and circulation becomes 
more complex. Proper breathing requires the activity of muscles that 


22. Plesch: Haemodynaemische Studien, Ztschr. f. exper. Path. u. Therap., 
1909, vi, 526. 

23. Jiirgensen: In von Noorden’s Pathologie der Stoffwechsel, Ed. 1, 1893, 
p. 335. 

24. Morawitz: Ueber Oxydationsprozesse im Blut, Arch. f. exper. Path. u. 
Pharmakol, 1909, Ix, 298. 

25. Zuntz, Léwy, Miiller and Caspari: Hohenklima und Bergwanderungen, 
Berlin, 1906, Table XII, p. 435. 
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ordinarily play no role in respiration. Again, the respiratory muscles 
may serve in securing a more efficient circulation. In general, activity 
implies unusual effort, and hence the demand for additional oxygen. 


CONCLUSIONS 

Three mild cases of pernicious anemia showed very slight increase 
in the metabolism. In two severe cases the demand for oxygen was 
from 7 to 33 per cent. above the normal average. 

The basal metabolism of pernicious anemia is lower than that of 
leukemia, but, as a rule, higher than that of secondary anemia. 

The agreement between the direct and indirect calorimetry as well 
as the respiratory quotients indicates that the basal metabolism of 
pernicious anemia is qualitatively identical with the normal. 

Although the demand for oxygen may be increased, the compen- 
satory processes in uncomplicated cases of pernicious anemia are 
capable of meeting the demand in spite of a greatly diminished hemo- 
globin content. 

There is some ground for the belief that the height of metabolism 
is a measure of the severity of the clinical pictures. 


477 First Avenue. 
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The literature contains extremely few reports of observations on 
the metabolism of patients with heart disease. The work most fre- 
quently referred to is a monograph of Kraus.’ This study of the 
effect of fatigue in various pathologic conditions contains observations 
on the gaseous metaboiism of three cardiac patients while at rest and 
while working on an ergograph, together with analyses of the oxygen 
and carbon dioxid content of the venous blood in seven cases. The 
metabolism experiments were made with the Zuntz apparatus. One 
of the most striking results is the extraordinarily low value obtained 
in all cases for the respiratory quotient. In the two milder cases the 
quotients for experiments with the subjects at rest and fasting were 
0.743 and 0.603, while three similar observations in the more severe 
case gave as respiratory quotients 0.574, 0.534 and 0.614. Exercise 
brought about a rise of the quotient. In the last case exhausting work 
raised the quotient to 0.933 and 0.923. The blood-gas analyses showed 
an increase over the normal carbon dioxid content of the venous blood 
both at rest and during work. Kraus believed that the low respiratory 
quotients and the high blood carbon dioxid were best explained by 
assuming that one of the essential factors of the dyspnea of cardiac 
patients is that the lung has lost its ability to excrete carbon dioxid 
and take up oxygen normally, either on account of a disturbance of 
its glandular function (Bohr), or because of pathologic changes in 
the lining epithelium or the pulmonary vessels. 

Grafe* reports observations made with the “Kopfrespirationsap- 
parat” on the metabolism of seven patients with cardiac disease. The 


* Submitted for publication Feb. 4, 1916. 

* From the Russell Sage Institute of Pathology, in Affiliation with the Second 
Medical Division of Bellevue Hospital. 

1. Kraus: Die Emiidung als ein Mass der Constitution, Bibliotheca Medica, 
Abt. D’, Hefte 3, Cassel, T. G. Fisher & Co., 1897. 

2. Grafe: Gaswechseluntersuchungen bei fortgeschrittenen Erkrankungen 
der Lungen an der Zirkulationsorgane, Deutsch. Arch. f. Klin. Med., 1909, 


xcv, 543. 
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method is open to criticism. The respiratory quotient was 0.885 in a 
case of congenital heart disease, 0.733 in one with Pick’s cirrhosis, 
and 0.764 in a case of arteriosclerosis with myocarditis, but in the 
four other cardiac patients the quotients were remarkably low: 0.638, 
0.632, 0.619 and 0.586. These instances with low respiratory quotients 
showed comparatively normal oxygen consumption, but low carbon 
dioxid production. Grafe demonstrates by calculations that it is quite 
impossible to accept the theory of Kraus, which accounts for the low 


quotients on the basis of carbon dioxid retention, as the amounts of 


carbon dioxid stored up in the body would be too enormous. He 
believes that the low respiratory quotients signify a qualitatively altered 
metabolism with incomplete oxidations, and suggests that the accumu- 
lation of carbon dioxid, which Kraus demonstrated by blood-gas anal- 
ysis, may have injured the body protoplasm so that the chemical 
changes pursue an abnormal course. There seemed to be no relation 
between respiratory rate and increase of oxygen consumption. 
While some of the respiratory quotients obtained by Grafe are so 
low that it is almost impossible not to suspect their accuracy, never- 
theless his theory as to an altered metabolism finds some confirmation 
in the work of other authors who have shown that acidosis is fre- 
quently associated with cardiac disease. Thus, according to Beddard 
and Pembrey,’ the alveolar carbon dioxid tension is very low in cases 
of decompensated cardiac disease. French, Pembrey and Ryffel* 
found it low in cases of congenital heart disease with cyanosis. Fitz- 
gerald® obtained normal values for the alveolar carbon dioxid in the 
majority ef cardiac cases, but low values in a case of mitral stenosis. 
and extremely low figures in a case of congenital heart disease. Porges, 
Leimdoérfer and Markovici® studied a considerable series of patients 
with heart disease, and found that in general the carbon dioxid tension 
of the alveolar air is normal in those which were without dyspnea, 
but that it tended to be below normal in the dyspneic patients. The 
lowest tensions in compensated patients without dyspnea occurred in 
two cases of congenital heart disease, both of which probably had open 
ductus Botalli. Lewis’ and his associates have shown by investiga- 
tions on the blood and alveolar air that the attacks of dyspnea so 
commonly seen in elderly patients with renal disease or advanced arte- 
riosclerosis are accompanied by an acidosis which they believe to be 
the cause of the disturbance of respiration. In cases of pure valvular 
. Beddard and Pembrey: Brit. Med. Jour., 1908, ii, 580. 
. French, Pembrey and Ryffel: Jour. Physiol., 1909, xxix, Proc., p. 9. 
. Fitzgerald: Jour. Path. and Bacteriol., 1910, xiv, 328. 
. Porges, Leimdérfer and Markovici: Ztschr. f. klin. Med., 1913, Ixxvii, 446. 
. Lewis, Ryffel, Wolf, Cotton and Barcroft: Heart, 1913, v, 45. Lewis and 
Barcroft: Quart. Jour. Med., 1915, vii, 97. 
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disease with cyanosis, they found no evidence of acidosis, but that there 
may be an acidosis in severely decompensated cases, which disappears 
as compensation is regained, is shown by the observations of Porges, 
Leimdoérfer and Markovici.’ It is, however, particularly in the type 
of case which may be conveniently grouped under the heading of 
“cardiorenal” disease that the factor of acidosis assumes a more per- 
manent and thus a more important part. The association of acidosis 
with chronic nephritis has been carefully discussed by Sellards* and 
by Palmer,’ and its relation to the course of the disease has been 
studied by Peabody.*® The significance of acidosis in investigations 
on metabolism was first suggested by Benedict and Joslin,’ who 
showed that in two normal subjects an acidosis resulting from the 
administration of a carbohydrate-free diet was accompanied by an 
increase in the tota’ metabolism. This observation has since been con- 
firmed by Higgins, Fitz and Peabody.**? Lusk believes that this increase 
is due to the increased protein metabolism of the carbohydrate-free 


periods. 
METHODS USED 


It is thus quite evident that in studying the metabolism of patients 
with heart disease it is of the utmost importance to know whether or 
not there is an acidosis. On account of its direct bearing on the sub- 
ject of acidosis, and also on account of any other possible, but as yet 
unknown effects which a nephritis may exert on the metabolism, it is 
also of importance to know as much as possible about the functional 
capacity of the kidneys. At the time when the earlier of the cases 
reported here were investigated, renal function tests were not in gen- 
eral use, but the later cases were, whenever possible, studied with these 
points in mind. As an index of acidosis, the carbon dioxid tension of 
the alveolar air was determined. This was done by the Higgins modi- 
fication of the method of Plesch, which has proved very satisfactory 
for clinical work. The normal alveolar carbon dioxid tension by this 
method is approximately 40 to 45 mm. In some instances the alkali 
tolerance test of Sellards* was used. The determination of the part 
played by the kidneys in cases of cardiac or cardiorenal disease is, of 
course, proverbially difficult and unsatisfactory. In general we have 
relied on the history, physical examination, urine examination, bloo 


8. Sellards: Johns Hopkins Hosp. Bull., 1912, xxiii, 289; ibid., 1914, xxv, 141. 

9. Palmer: Med. Communicat., Mass. Med. Soc., 1913, xxiv, 133. 

10. Peabody, F. W.: Studies on Acidosis and Dyspnea in Renal and Cardiac 
Disease, Tue Arcuives Int. Mep., 1914, xiv, 236; Clinical Studies on the Res- 
piration, II, The Acidosis of Chronic Nephritis, ibid., 1915, xvi, 955. 

11. Benedict and Joslin: Publications of the Carnegie Institution of Wash- 
ington, 1912, Pub. 176. 

12. Higgins, Fitz and Peabody: Unpublished. 
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pressure and phenolsulphonephthalein test to aid us in differentiating 
the pure cardiac from the renal or cardiorenal cases. 

The patients were all from the medical wards of Bellevue Hospital, 
but during the period of study they were kept in the special metabolism 
ward. The general method of conducting the observations was simi- 
lar to that described in the third and fourth paper of this series.1* The 
patients were usually put into the calorimeter for a short period in 
the afternoon, in order that they might become accustomed to the new 
surroundings, and then put in again for the actual experiment on the 
following day. As one of the chief points which we wished to investi- 
gate was the influence of dyspnea on the metabolism, quite a number 
of the decompensated patients were put into the calorimeter. In spite 
of their comparatively serious condition, however, no patient was in 
any way injured by his stay in it. The majority said they felt bet- 
ter when they came out, and, indeed, the period of absolute quiet 
seemed to have only a beneficial effect. The construction of the chair 
described in the eleventh paper made it possible to study the metabolism 
of patients with orthopnea. The respirations were counted by watch- 
ing the patient through the glass window in the side of the calorimeter, 
but the graphic records registered by the spirometer on a kymograph 
for the five minutes at the end of each period were of help, particu- 
larly in drawing attention to periodic breathing. 


DISCUSSION OF RESULTS 


The total number of patients investigated was sixteen. One of 
these (Case 3, Fred D.) was examined first when he was decompen- 
sated and dyspneic (3a), and later when he was compensated (3b). 
Six cases (11, William S., 12, George M., 13, Marcus R., 14, David 
K., 15, William A., 16, Theodore S.) were studied for purposes not 
directly connected with the present investigations so that the details 
on them are not complete, but they are included since they serve as 
controls of the more severely ill patients, and contribute information 
about various special points. Seven cases 2, Armon W., 3, Fred D., 
4, Edward M., 9, Burrell P., 11, William S., 15, William A., 16, Theo- 
dore S.) were instances of pure cardiac disease; two were cases of 
nephritis (12, George M., 14, David K.) and six (1, Arthur V., 5, 
Charles L., 7, Edward W., 8, Henry R., 10, August F., 13, Marcus 
R.) were mixed cases belonging to the “cardiorenal disease” group. 
At the time when they were in the calorimeter, five patients (1, Arthur 
V., 3a, Fred D., 4, Edward M., 8, Henry R., 10, August F.) had mod- 
erately severe dyspnea; seven had slight dyspnea (2, Armon W., 5, 


13. Gephart, F. C., and DuBois, E. F.: The Organization of a Small Metab- 


olism Ward, Tue Arcnives Int. Mep., 1915, xv, 829; The Determination of 
the Basal Metabolism of Normal Men and the Effect of Food, ibid., 1915, xv, 835. 
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Charles L., 6, Annie T., 7, Edward W., 9, Burrell P., 11, William S., 
13, Marcus R.), and five had normal respiration (3b, Fred D., 12, 
George M., 14, David K., 15, William A., 16, Theodore S.). 

Respiratory Quotients.—In striking contrast to the results of Kraus 
and Grafe, which have been described above, all of the respiratory 
quotients in this series of cases fell within comparatively normal lim- 
its. Our lowest quotient was 0.73 (Case 4, Edward M.). Of the ten 
cases reported by Kraus and Grafe, only four had respiratory quo- 
tients equal or above our lowest figure, while in the other six the results 
had to be explained as being caused by a qualitative alteration in metab- 
olism. On the basis of the respiratory quotients, as obtained by us, 
there is no need to assume any change in the type of metabolism from 
the normal. In general there is a distinct tendency for the lowest 
quotients to be found in the cases with most dyspnea. Five patients, 
classed as having moderately severe dyspnea, gave as quotients: 0.74, 
0.75, 0.73, 0.75 and 0.82. In seven patients with slight dyspnea the 
quotients were 0.79, 0.76, 0.81, 0.79, 0.84, 0.82 and 0.78, while the 
patients without dyspnea showed the following quotients: 0.88, from 
0.80 to 0.83, from 0.74 to 0.75, from 0.81 to 0.85 and from 0.80 to 0.85 
(Table 2). 

DIRECT AND INDIRECT CALORIMETRY 

In the previous papers of this series the close agreement between 
the methods of direct and indirect calorimetry with normal subjects 
has been demonstrated. In disease, owing to certain technical difficul- 
ties, there is a tendency for the method of direct calorimetry to aver- 
age from 1 to 2 per cent. lower, particularly if short periods are used. 
In the group of cardiac and nephritic patients here presented, the 
total of the calories measured by indirect calorimetry is 4,297.67, by 
direct calorimetry 4,214.53, or 1.93 per cent. lower. This is remark- 
ably good agreement, considering the technical difficulties, and indi- 


cates that there is no profound change in the metabolism which would 


upset calculations based on the method of indirect calorimetry. 


TOTAL METABOLISM 


The total metabolism is compared with the normal in terms of the 
heat production per square meter of surface area per hour. After 
the linear formula was devised, it was possible to measure most of 
the patients in this manner and use the results as a basis of the calcu- 
lations. In all other cases it has been necessary to use Meeh’s for- 
mula, which is fairly satisfactory with these subjects, since they all 
happened to be of about the normal body shape. 

Of the five patients with moderately severe dyspnea, all but one 
(Case 10, August F.) showed a distinct increase in metabolism. Of 





Case No. and 
Name 


Arthur V. ...... 


Armon W. ...... 


. Pred D. ......... 


. Fred D. 


Edward M 


Charlies L. ...... 


Annie T. ........ 


Edward W. ..... 


Henry BR 


Burrell P. ...... 


August F 


William S. ...... 
George M. ...... 


Marcus R. ...... 


David K. ....... 


William A. ..... 


Theodore 8. .... 








Date in 
Calorim- 
eter 


2/23/15 


2/17/15 


2/19/15 


20/15 


24/15 


26/15 


3/24/15 


2/10/15 
4/ 7/13 
4/14/13 
8/24/14 
4/ 4/14 


4/ 9/138 


3/21/13 
3/24/13 


1/25/15 
1/27/15 


1/28/14 
1/30/14 


2/ 5/14 
2/ 9/14 


2/13/14 





TABLE 2.—Curnicat FINDINGS AND 





Diagnosis 


Blood 
Pressure 


Phthak 
Per Cent 





Chronic nephritis, chronic myocarditis 
with decompensation 


Double mitral disease, auricular fib- 
rillation 


Double mitral disease, decompensation 
Compensated 
Mitral insufficiency, auricular fibrilla- 


tion, decompensation 


Aortic and mitral insufficiency, chronic 
nephritis, emphysema 


Congenital heart disease, open ven- 
tricular septum, dextrocardia 


Chronie nephritis, cardiac dilatation, 
syphilis 


Chronie myocarditis, emphysema, 


chronic nephritis 

Aortic stenosis and insufficiency, mitral 
and tricuspid insufficiency, aneurysm 
of aorta 

Chronie nephritis, auricular fibrillation 

Adherent pericardium 


Chronic nephritis, cardiac hypertrophy 


Chronie nephritis, mitral insufficiency, 
arteriosclerosis 


Chronie nephritis, arteriosclerosis, 


inguinal hernia 





170-110(?) 
110-80( 7) 
170-95 
170-55 
195-115 
160-102 


310-160 


195-110 








2/15=32% 
2/27=63% 








CALORIMETER RESULTS 


Arterio- 


sclerosis 
(radial) 


— 
Resp. | Dyspnea 
Rate 


26-28 Slight 


27-25 


28-26 Slight 


20-18 


|Moderate 


23-21 
39-88 


25-22 | Slight 


+ 
Slight 
Slight 
Slight 
Slight 
Slight 


Slight 





Or- 


thop- 
nea 


CoMPARED 


Periodic! Cyano-} 
Resp. sis 


2 oe 
+ Slight 
Slight 


Slight 


Slight 


++ 
Slight 


Slightly 


Slight 


+ 











|Edema | 


Slight 


Slight 


Slight 





Alveolar 
CO2 
Tension, 
mm. 
Norm. | 
2/12=23.9 
2/16—30.9 


2/27=—41.6 
2/13=44.: 

2/15-27.8 
2/16—33.7 


2/18=35.5 
2/23—37.1 


2/16—38.6 
2/1939. 
2/18—25.% 


2/24=38.9 Died, April 17, 1915 
2/27=40.0 
2/25—41.1 
2/26—39.9 








0.815 
0.817 
0.819 
0.796 
0.827 


0.815 


0.781 


0.746 
0.744 


Lying flat on back 
Steamer chair 


0.852 
0.814 


Plat on back 

Sitting in bed at 
angle of 30° 

Lying flat on back 

Sitting up at angle 
0 “ 


0.822 
0.831 


0.808 
0.842 


0.854 Lying flat on back 
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the seven with slight dyspnea, all showed an increase except the under- 
developed girl with congenital heart disease. Of the five with no 
dyspnea, the only one with increased metabolism was the restless and 
unsatisfactory alcoholic, David K. (Case 14). 

Dyspneic patients must do an increased amount of muscular work 
in their labored breathing, but it is doubtful if this would account for 
an increase of 10 per cent. Some of the dyspneic patients were rest- 


TABLE 3.—PatieENts witH MopeRATELy SevereE Dyspnea, SLicht DYSPNEA 
AND No Dyspnea 


Per Cent. 
Increase Alveolar 
‘ | of Metab- COs 
Subject | . Q. olism Tension, 
| above the mm 
Normal 


Patients with moderately severe dyspnea 
BBG Ve co cccecccocccocesesscecese 


0.739 
Fred D 3 0.758 
Edward M 7 0.733 
TORE Be wcccccccccccccccccccevcccccccce | 0.747 
DRIER, The enue co c0gn5s0ntenseesekseees 0.815 


Patients with slight dyspnea 
Armon W....... 77 0.791 


GGTED. Be cacecncconcoccncesbesevbenes § 0.766 
BEES Be acccccevecsese } 0.307 
Edward W. ....... | 2 0.789 
_) > | 0887 
WHEE By ccccccccess cncceveceeuees 0.817 +8 
Marcus R.......... 0.781 +41 


Patients with no dyspnea 
Fred D.* 5 0.753 +2 


George M. ....... | g | 0.80-0.88 +1 to + 
BREE Tis sotevceseves | 0.740.75 |+20 to +2 
WOE Bos ewccncocccctcecosorseseseess f 5 0.81-0.85 0 to 


TROD Be neccvcceccccscasevcecsscs | ~5E 0.80085 |—7 to + 





* Compensated. 


less while in the calorimeter, but a similar degree of restlessness in 
other patients does not increase the metabolism more than about 10 
per cent. This factor may be of some importance in the cases of 
Arthur V. (Case 1), Edward M. (Case 4), Edward W. (Case 7), 
Burrell P. (Case 9) and David K. (Case 14), but other patients with 
high metabolism for example, Armon W. (Case 2), Fred D. (Case 3), 
Charles L. (Case 5), Henry R. (Case 8) and Marcus R. (Case 13) 
were as quiet as the normal controls. It is evident that most dyspneic 
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patients show a metabolism increased from some cause other than 
muscular activity. 

An analysis of the relation between increase of metabolism in these 
cases and acidosis is of considerable interest. It is unfortunate that 
the carbon dioxid tension of the alveolar air was not determined in 
all the patients. The lowest carbon dioxid was found in Case 6 ( Annie 
T.), but it is quite possible that in such a case of congenital heart dis- 
ease the decreased alveolar carbon dioxid might not be accurate evi- 
dence of the change in the reaction of the blood. Excluding this 
patient, the two with the lowest carbon dioxid, Arthur V. (Case 1) and 
Fred D. (Case 3) showed marked increase in metabolism. Still there 
were two others with high metabolism (Edward W., Case 7, and 
Charles L. Case 5) whose alveolar carbon dioxid was very slightly 
depressed. 

It is interesting to note that patients with low excretion of phenol- 
sulphonephthalein, Arthur V. (Case 1), Charles L. (Case 5) and 
Edward W. (Case 7), showed marked increase in metabolism; but 
one, August F. (Case 10), whose phenolsulphonephthalein was low, 
showed no increase. 

Six patients gave systolic blood pressure readings of 170 mm. or 
over. Of these four, Charles L. (Case 5), Edward W. (Case 7), Mar- 
cus R. (Case 13) and David K. (Case 14) had high metabolism, while 
two, August F. (Case 10) and George M. (Case 12), had low 
metabolism. 

It is evident that in so complex a group of subjects as the sixteen 
cardiacs and nephritics, there are many factors at work. At present 
it would seem as if no one factor would account for the definite 
increase in metabolism found in the dyspneic patients. The studies 
in this subject are being continued. 

It is of interest to note that patients with compensated cardiac 
lesions or with mild nephritis show a metabolism within the normal 
limits. 

SUMMARY AND CONCLUSIONS 

Sixteen patients with cardiac and cardiorenal disease have been 
studied, and for the first time the methods of direct and indirect 
calorimetry have been compared. In this group of cases the two meth- 
ods have been found to agree within 1.9 per cent. 


The respiratory quotient in all cases was within normal limits (0.73 
or above). This is opposed to the findings of Kraus and Grafe. The 
normal quotients and the very close agreement of the direct and indi- 
rect calorimetry prove that there is no profound change in the inter- 


mediary metabolism. 
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Subject, 
Date, 
Weight, Period 
Surface 
Area, Linear 
Formula 
| 
Case 1 (Arthur V.)| Prelim. 
2/12/15 
58.26 Kg. ¥ 
1.556 Sq. M. 
2t 
Case 2(Armon W.)/} Prelim. 
2/13/15 
00.77 Kg. 1 
1.550 Sq. M. 
| 2 
| 
Case 3 (Fred D.)...| Prelim. 
2/15/15 
49.75 Kg. 1 
1.304 Sq. M. 
u 
Fred D. .......++s. | Prelim. 
2/23/15 
89.68 Kg 1 
1.291 Sq. M 
9 
38 
Case 4 (Edw. M.)..| Prelim. 
2/17/15 
68.88 Kg. 1 
9 
Case 5 (Chas. L.) | Prelim. 
2/19/15 
85.84 Kg. 1 
2 
Case 6 (Annie T.)..| Prelim. 
2/20/15 
26.27 Kg. 1 
1.046 Sq. M. 
° 
Case 7 (Edw. W.)..| Prelim. 
2/24/15 
54.35 Kg. 1 
2 
Case 8 (Henry R.) | Prelim. 
2/26/15 
75.49 Kg. 1 
1.73(?) Sq. M. 
2 
* 63 min. ¢ 57 min. 


























End Carbon 
of Dioxid, | Oxygen, 
Period Gm. Gm. 
| 
a 
11:19 | 
12:22 30.05 | 29.35 
1:19 26.41 | 26.26 
11:25 
12:25 24.11 21.73 
1:25 23.85 22.37 | 
11:34 occce — | 
12:34 23.37 22.54 | 
1:34 24.07 23.30 | 
11:19 | 
12:19 19.07 14.77 
1:19 20.53 16.90 
1:49 9.82 8.87 
11:30 
12:30 23.35 23.41 
1:30 26.87 26.37 
11:25 
12:25 28:50 27.18 
1:25 30.50 28.84 | 
a ee 
11:57 15.29 13.60 
12:57 15.20 13.78 
| 
11:18 ° 
12:18 28.90 26.60 
1:18 30.78 28.29 
11:32 
12:32 24.62 24.07 
1:82 24.75 23.98 
§ 30 min. 


0.75 


0.73 


0.04 
0.88 


0.81 


0.76 


0.77 


0.81 
0.80 





Water, 
Gm. 


49.92 


48.47 


27.78 


28.32 


36.73 
36.51 


35.43 
39.05 


20.09 
20.78 


38.36 


40.81 








Urine N 
per 
Hour, 
Gm. 


0.331 
0.331 


0.266 


0.266 


0.331 
0.331 


0.331 


0.399 


0.399 


0.287 


0.287 


0.150 
0.150 


0.357 
0.357 


0.308 
0.303 











TABLE 4. 


Indirect 
Calo- 
rimetry, 
Cal. 





50.76 
57.38 
29.56 


137.70 


76.37 
86.49 
162.86 


89.96 


95.71 





185.67 


46.02 





91.85 


88.64 


94.21 





182.85 


79.21 


78.91 





158.12 





Heat 


Elimi 
nated, 


Cal. 


94.96 


88.82 


76.63 


78.63 


56.63 
60.43 
29.00 


89.58 


90.02 


80.41 
93.28 


43.83 


43.80 


89.3% 


94.88 


~1 
1 
to 


x 
& 














CALORIMETER EXPERIMENTS 





| 
Direct | | Per Cent. | Calories 
Calo- Rectal Aver- | Work- | Non- Calories from | per Hour 
rimetry Temp., age | Adder, | protein| oo es Remarks ' 
Rectal | Cc | Pulse } Om. | R.Q. Pro- | | Carbo- Per | | 
femp.), | | tein Fat | hyd. | Kg. Per Sq. M. | 
Cal, | 
| | 
if | | | 
| 37.61 | | 
4.15 | 87.60 | 10] 3872 | O77 9 | 8 11 1.66 | 52.23 Restless period 63 
| | min. 
s1.51 | 37.46 97 4.0 | 0.72 10 %& | 4 1.48 | 46.48 Restless period 57 
| | | | | min. 
» | | 
75.66 | } 
4 | 
eesece 36.99 | | | | 
i | | | 
72.78 37.00 | 7% | M42 0.81 10 58 82 120 | 38.19 Quiet; reading 40 
| | | min. 
71.50 87.00 | 78 30.3 0.77 10 71 | 2 122 | 38.96 Quiet; reading 5 
= | | min. 
| ' 
44.28 
38.17 | | | { 
H 
74.63 $8.15 104 | 50 | 0.74 21 70 | 9 148 | 44.29 Very quiet 
00 38.11 105 14.0 0.74 20 71 | v 153 | 45.81 Very quiet 
150.63 | | | 
} 
es an | | | 
} 
6.41 83 | 8 | 5.0 0.97 7} 8 | #@ | 128 | so | Asleep 40 min. 
5.16 36.68 81 | 70 0.90 15 29 «| COS 1.45 40.07 | Very quiet 
29.54 36.70 91 | 4.0 0.81 1 | 55 | 80 1.49 41.28 Very quiet 
| | 
141.11 
| | | | i 
36.99 | f 
a . | | } - . 
80.00 | 36.83 | 8 | 41.5 0.71 4 | 8 1 | LiL | 87.08 Very restless 
| | | 
72.59 36.88 | 76 | | (880 0.73 12 81 7 126 | 42.00 | Restless 
| 
172.59 | | 
| | 
87.15 | | 
| 
| | 
86.23 37.11 | 70 | 23.6 0.76 8 75 17 1.05 37.55 Quiet, dozing and 
| reading 
6.41 37.16 71 | 25.0 0.77 8 72 0 1.12 39.95 Quiet, reading 
» 4 ' | | 
37.16 | 
42.07 87.09 102 24.0 0.81 9 59 39 1.74 42.12 | Restless 
44.23 37.12 12 | 160 | 06.80 y 62 29 1.75 42.30 Fairly quiet 
86.30 | 
87.55 
80.94 87.37 | 11 25.0 0.79 ll 66 23 | «(1.68 50.19 Fairly quiet; doz 
| | | in 
7.28 87.46 | 112 82.0 0.79 «=| 10 64 2 6 «6178 53.35 Slightly restless 
178.22 | 
87.40 | 
76.49 87.39 117 210 | 0.74 10 79 10 1.05 36.02 Quiet 


75.94 87.32 | 15 | 180 0.74 10 79 10 1.05 35.88 Quiet 
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Subject, | 
Date, | 
| Period | 
| 


Weight, 
Surface 
Area, Linear 
Formula 


Case 9 (Burrell P.)| Prelim. 
3/24/15 
70.81 Kg. 1 
1.739 Sq. M. 


» 


Case 10 (Aug. F.) | Prelim. 
5/1/15 


1.487 Sq. M. 


» 


| 
52.61 Kg. a 


Case 11 (Wm. 8.)..| Prelim. 
2/10/15 
65.02 Kg. | 1 
1.62 Sq. M. | 
| 2 
| 
Case 12 (Geo. M.)| Prelim. 





4/7/13 | 
54.29 Kg. | 1 
| 
2 
Gas Th. ccoccccce | Prelim. 
4/14/13 
57.18 Kg. 1 
| 2 
| 
= 
George M. ......... | Prelim. 
3/24/1 | | 
5R.82 Kg. ; 41 
2 | 
| 
| 
| 
George M. ......... Prelim. | 
4/4/14 
58.98 Kg. 1 | 
2 | 
| 


Case 13(Mareus R.) Prelim. 
4/9/19 
63.43 Kg 1 
- 4 


Case 14 (David K.) Prelim. 
3/21/13 
62.66 Kg. 1 
2 


ow Ss @& 


of 
Period 


10.00 
12:00 
2:00 


10:00 
12:00 
2:00 


11:36 
12:36 
1:36 


11:40 
12:50 
1:40 


10:00 
12:00 
2:00 


9:40 
10:40 
11:40 


12:40 
1:4 
2:40 
3:40 








| End Carbon 


Dioxid, 
Gm. 


30.31 
27.96 


18.26 
18.38 


a 8 


38.76 


36.23 
39.98 


19.31 
20.08 





TABLE 4.—CAcorimete; 


| 
| 
Oxygen, R. Q. Water, 











Gm. | } Gm. 
27.06 * 0.82 33.75 
23.67 | 0.86 29.89 
| 
15.49 0.86 | 25.98 
| 
17.29 0.77 | 25.55 
| 
19.76 Os 272.48 
21.83 0.30 24.97 
| | 
| 
34.52 0.85 45.15 
35.64 | 0.79 49.34 
| 
| 
$2.33 | 0.82 46.23 
37.36 0.78 49.48 
16.27 | 0.36 23.14 
i344 | 0.9 | (25.08 
| 
| 
| 
| 
21.12 | 0.78 26.32 
13.84 0.35 | 18.94 
| 
eae | 
52.33 0.77 68.56 
50.59 030 | 74.22 
| 
| 
| 
2.55 | 0.74 32.26 
20.91 | 0.76 28.71 
26.95 | 0.73 | $2.44 
7.43 | 0.78 82.74 
23.78 | 0.78 30.95 
23.61 | 0.73 30.16 





Urine N 
per 
Hour, 
Gm. 


0.544 


0.544 


0.515 


0.515 


0.311 
0.311 


0.385 
0.385 


0.402 
0.402 


0.456 
0.456 


0.323 
0.323 


0.323 
0.323 
0.323 
0.323 


| 


Indirect 
Calo- 





90.29 
79.67 





| 160.96 


| 


| 57.27 





109.77 





115.92 
118.02 





233.94 


107.87 
123.66 
231.53 





54.85 
61.10 





| 115.95 


172.64 
168.08 
340.67 








Approx, 


rimetry, 
Cal. | 





Heat 
Elin 
nated 
Ca 


TLAl 


63.87 


148. 


162.06 
79.94 
66.49 


82.37 


84.58 




















EXPERIMENTS—( Continued ) 











Direct Per Cent. | Calories 
Calo- Rectal Aver Work- Non- Calories from | per Hour 
rimetry Temp., age Adder, | protein |___ _|—_—___—— — Remarks 
(Rectal c. Pulse Cm. R. Q. Pro- | |Carbo-| Per Per Sq. M. 
Temp.), tein | Fat hyd. Kg. (Meeh) 
Cal, | | 
87.87 | } 
79.78 37.72 68 36.0 | 0.82 16 51 33 1.30 39.67 Restless 
$1.04 37.64 64 35.0 | 0.87 18 36 6 | 118 35.01 Restless 
38.18 | 
45.76 38.10 73 20 | coco ae = ae ae epi Very quiet; asleep 
| 15 min 
1.43 38.10 76 70 | cece oo I si ve eeve winnie Quiet 
ly 
36.79 
36.68 So 3.0 0.84 21 |} 4 36 1.02 33.13 Very quiet 
16 36.71 ¥8 27.6 0.80 19 55 26 1.11 36.36 Restless 
l y 
36.52 
112.80 36.72 4 ocee 0.86 18 40 42 1.07 32.84 Restless 
36.79 ove cose 0.79 18 | 8 23 1.09 33.43 Restless 
6.73 | 
96.08 36.66 eee oot 0.82 15 53 32 0.94 2¢ Asleep 
115.88 36.76 eee ovce 0.77 13 67 20 1.08 33.84 Slightly restless 
11.91 
36.63 
7 36.47 8 14.9 0.88 19 34 47 1.02 29.46 A ‘~p 30 min 
66 36.47 oO 21.3 0.79 17 Y 4 1.04 32.81 Asleep 10 min 
14.63 
t a 
4.04 6.54 ov 1.8 0.78 18 ( . 1.01 4 
0.04 36.64 6o 9.0 0.36 19 sy 42 0.94 87 
7.24 
37.57 . —— 0.76 14 70 16 1.36 44.09 Very quiet 
37.00 - eo 0.79 14 61 25 1 42.91 Very quiet 
36.97 
82.17 7.02 ° ° 0.73 10 8: 7 1.34 43.26 Restless 
37.06 eee ee 0.75 12 75 l 1.10 5.47 Restless 
701 0.72 l S4 1.41 45.4 At 11:4 4 
6.97 0.78 ) 7 1 1.45 16.8 en 
7.09 0.78 11 67 4 1.26 40.6 
7.01 0.72 11 S4 l 1.81 











; 
\ 





Subject, 
Date, 
Weight, 
Surface 
Area, Linear 
Formulat 


Dav id A p Seeeeooese 


/24/13 
on 26 Kg. 


Case 15 (Wm. A.).. 
1/25/15 
ones Kg. 
1.795 Sq. M. 


William A. ........ 
1/27/15 
63.00 Kg. 


1.700 Sq. M. 


Case 16 (Theo. 8. 
28/14 
59.52 Kg. 
1.68 Sq. M. 


Theodore 8 
1/30/14 
50.44 Kg. 
1.68 Sq. M. 


Theodore S. ....... 
2/5/14 


60.28 Kg. 
1.69 Sq. M. 


Theodore 8S. ....... 
2/9/14 


61.15 Ke. 
1.70 Sq. M. 


Theodore 8. ... 
2/13/14 
61.90 Kg 
1.71 Sq. M. 


* 1% hours. 


| Period 


Prelim. 


1 


9 


Prelim. 


1 


3 


Prelim. 


Prelim. 


1 
2 


Prelim. 


1 


9 


Prelim. 


1" 


2 


Prelim. 


to 


Prelim. 


+ In the case of Theodore 8. 





— 


Period 


ita 





Carbon 
— 


22.91 
22.66 


25.32 
24.08 


24.45 


23.13 


21.66 


22.80 


34.63 
22.82 


21.11 
22.34 


24.54 
24.35 








Oxygen, 
Gm. 


20.31 
20.86 


22.02 


21.08 
22.17 


23.06 


20.30 


21.43 


18.76 


20.18 


31.59 


18 41 


20.49 


21.15 


R. Q. 


0.84 


0.82 


0.85 


Water, 
Gm 


32.37 


39.08 


26.73 


the height-weight formula. 





| 


TABLE 


Urine N 


per 
Hour, 
Gm. 


0.390 
0.390 


0.390 


0.454 


0.454 


0.538 


0.359 


Indirect 
Calo- 
rimetry, 
Cal. 


74.39 
71.65 


146.04 


69.44 
70.14 
73.44 


213.02 





67.48 





130.45 


105.10 
68.47 


173.57 


61.66 
64.30 


135.96 


69.38 
71.02 


140.40 


4.—CALORIMETER— 


Heat 
Elim 
Dated, 
Cal 


68.85 


67.05 


re.) 


76.66 


78.11 


118.65 


oO.38 














EXPERIMENTS— (Continued ) 














Direct | Per Cent. Calories 
Calo- Rectal | Aver-| Work- | Non- Calories trom per Hour | 
rimetry Temp., age Adder, | protein ee = 3 ws Remarks 
(Rectal cC. Pulse Om. | R. Q. Pro- Carbo Per (|Per Sq. M. 
a iy tein Fat hyd. Kg. | (Meeh) | 
Cal. | | 
| 
36.96 
| ] 
76.52 87.11 i 0.72 14 | 4 1.16 7.66 
| 
66.14 87.10 . 0.75 | 14 73 13 1.11 6.27 
atain | | 
142.66 
: 
36.96 ~ 2 wees ween a “ae ae eae sini Basal; flat in bed 
62.29 36.77 62 | 20.2 0.93 15 20 65 1.10 35.47 Restless 
69.48 36.71 60 10.5 0.85 14 es | 18 1.11 35.82 Fairly quiet 
70.55 36.66 62 | 100 081 | 4 | @ 24 1.16 87.51 Quiet 
102.32 | | 
36.89 | | | - és _— nenks In steamer chair 
66.72 36.76 66 10.0 | 0.85 6 | 4 42 1.13 96.36 Quiet 
72.38 36.71 | 6 | 105 0.82 4 | 58 | 38 1.18 38.01 Quiet 
73.06 | 36.62 . <a ee 0.78 14 6 | 2 1.21 39.19 Fairly quiet 
| | 
2.11 | 
| | 
| i i | 
S716 | oe | cone ove oe ee ee eves oceee Basal; flat in bed 
89,22 36.94 49 21.0 | 0.84 18 4 | «36 1.14 36.14 
71.30 36.93 | 50 23.2 0.82 17 6 | 21 1.19 88.08 
| 
160.52 | | | 
| | { Sitting up with 
coseee 37.10 ee ee cece eves backrest at angle 
| | | of about 3% deg 
70.46 | 37.06 | 5&8 1.9 0.85 16 | 4 40 1.06 33.58 
75.61 $7.13 | 52 0.9 0.82 15 51 4 1.14 35.99 
146.07 | 
37.08 | _ oeee ecce oe ee | ows wees ae Basal; flat in bed 
86.70 36.87 SO 10.0 0.80 14 oO | 2% 1.1¢ 7.09 
¢ 2 36.94 47 0.6 0.81 l4 56 30 1.14 36.26 
152.02 
j | Sitting up with 
37.06 ee ocee eoee - ee - eces setee backrest at angle 
of about 50 deg 
64.71 36.83 49 6.7 0.84 17 | 45 | 88 1.01 82.28 
67.15 36.86 46 8.7 0.86 16 40 | 4 1.05 33.67 
131.86 
$7.01 ee ooce cece - : oe” ecco esee 3asal; flat in bed 
66.94 36.95 54 8.5 0.88 15 34 5t 1.12 835.99 
75.32 36.95 55 5.5 0.84 15 45 40 1.15 36.84 
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Patients with compensated cardiac lesions or with mild nephritis 


showed no increase in the metabolism. Of twelve patients with dyspnea, 


nine showed a distinct rise in metabolism, and in five of these the 
increase was from 25 to 50 per cent. above the average normal. Two 
out of the five gave evidence of marked acidosis in the low content of 
carbon dioxid in the alveolar air. In two others, whose metabolism 
was just as high, there was no significant depression of the alveolar 
carbon dioxid. 


697 Huntington Avenue, Boston—477 First Avenue, New York. 


REPORT OF CASES 


Case 1.—Arthur V., aged 40, Italian, admitted Feb. 10, 1915, discharged 
March 3, 1915. Service of Dr. Nammack. 

Diagnosis: Chronic nephritis, chronic myocarditis with decompensation. 

Complaint: Dyspnea and cough. 

Past History: Never sick before except for an attack of bronchitis three 
months ago. No history of venereal disease. 

Present Illness: Has been “feeling poorly” for one month. For twelve days 
has had shortness of breath. 

Physical Examination (February 12): The patient is a well built and fairly 
well developed man. Height 155 cm. Skin is slightly yellowish. Sclerae clear. 
He is dyspneic and orthopneic. There is a slight cyanotic tinge to his lips and 
ears. Respiration is rapid and shallow; rate 30. Pneumographic tracings show 
respiration to be periodic in type. Heart: Dulness extends from 16 cm. to the 
left of the midsternum in the fifth space to 5 cm. to the right in the third space. 
The action is regular. At the apex there is a weak first sound with a faint sys- 
tolic murmur and a weak second sound. Gallop rhythm at the apex. Pulmonic 
second sound is louder than the aortic second sound. No murmurs at the base. 
Radial artery not palpable. Lungs: Slight dulness at extreme right base pos- 
teriorly. Large moist rales at both bases. Abdomen, negative. Liver: Dul- 
ness extends 3 cm. below the costal margin. Edge indistinctly felt. No edema. 

Pulse: Varied in rate from 72 to 116 between February 10 and February 18. 

Temperature: Between February 10 and February 18 varied between 97.8 
and 101 F. except on February 13, when it reached 103 F. (rectal), February 
16, when it was 102.2 F. (rectal), and February 17, when it was 102.4 F. (rectal). 

Urine: February 10, specific gravity, 1.026; albumin, very faint trace. One 
hyaline cast. 

February 14, specific gravity, 1.020; albumin, cloud. Few casts. 

February 23, specific gravity, 1.020; albumin, faint trace. No casts. 

Blood Pressure: February 15, systolic, 110 mm.; diastolic, 70 mm. 

February 16, systolic, 120.mm.; diastolic, 75 mm. 

February 24, systolic, 120 mm.; diastolic, 60 mm. 

Phenolsulphonephthalein Test: February 15, first hour, 20 per cent.; second 
hour, 12 per cent.; total, 32 per cent. 

February 27, first hour, 50 per cent.; second hour, 13 per cent.; total, 63 
per cent. 

March 2, 1915: Roentgenoscopy does not reveal evidence of aneurysm or 
dilatation of the aorta. Cardiac shadow is triangular in shape with enlarge- 
ment of the right heart. Cardiophrenic angle is obtuse. 

Medication: Patient was on a “soft special” diet, consisting chiefly of milk, 
cream, bread, butter and eggs. Strophanthin, 0.5 mg., intramuscularly, on Feb- 


ruary 10. Digitalis from February 13 to February 22, inclusive. 
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THE ARCHIVES OF INTERNAL MEDICINE 


Diet CHart SUMMARY 


Food Food Urine Urine 
Date Calories N, Gm. Vol., C.c. N, Gm. 
2/12/13 1,246 7.28 560 10.27 


Alveolar Air (Plesch-Higgins method): February 12, 23.9 mm.; February 
16, 30.8 mm.; February 27, 41.0 mm. 

Electrocardiogram: February 26, “R” waves small in all leads, directed 
down in lead 3. “P” waves larger in all leads. 

In the ten days following the observations in the calorimeter, the patient’s 
His dyspnea, though of only moderate grade 


condition showed little change. 
Physical examination remained 


while he was at rest, improved but little. 
practically unchanged. 

In calorimeter, Feb. 12, 1915, No. 189. 

February 13, the dyspnea is somewhat less marked. 
smaller and the heart action not quite so strong. 

February 26, seems improved. Much less dyspneic. Pulse suggestive of a 
Corrigan. 

Case 2.—Armon W., aged 33, pedler, born in Hungary, admitted Feb. 9, 
1915, discharged Feb. 18, 1915. Service of Dr. Nammack. 

Diagnosis: Mitral stenosis and insufficiency. Auricular fibrillation. 

Complaint: Pain in heart and right side. 

Past History: Was never sick up to six months ago. 
twice during last six months on account of dyspnea and swollen feet. 
history of rheumatism or syphilis. 

Present Illness: No improvement since discharged from Beth Israel Hospital. 

Physical Examination (February 13): Patient is a fairly well built young 
man. Height 161 cm. Respiration, 28 per minute. Slight cyanosis. Heart 
dulness extends from 12 cm. to left of the midsternum in the fifth interspace to 
the right sternal border of the sternum. First sound at apex is loud and is 
followed by a rumbling systolic murmur. Second sound is loud and is followed 
by a rumbling diastolic murmur which extends through the short diastoles but is 
followed by a pause before the first sound in the longer diastoles. Both second 
sounds are normal at the base. Action absolutely irregular. Practically all the 


beats reach the wrist. 

Temperature: Normal. 

Pulse: From 156 to 72. 

Respiration: From 26 to 28. During last three days it was from 20 to 24. 

Medication: Special diet. Infusion of digitalis, every four hours from 
February 9 to 10. 

Wassermann (Feb. 10, 1915): +++. 

Blood Pressure (February 18): Systolic, 110; diastolic, 70. 

Urine: February 10, specific gravity, 1.022; albumin, 0; no casts. 

February 17, specific gravity, 1.030; albumin, faint cloud; no casts. 

Alveolar Air (Plesch method): February 13, carbon dioxid tension 44.2 mm. 

In calorimeter Feb. 13, 1915. 

Case 3.—Fred D., aged 17, clerk, admitted Feb. 13, 1915, discharged March 
19, 1915. Service of Dr. Nammack. 

Diagnosis: Mitral stenosis and insufficiency. 

Complaint: “Shortness of breath.” 

Past History: First attack of rheumatism at the age of 6 years. He made 
a complete recovery and was well until a second attack of rheumatism at 
11 years of age. Since then he has been perfectly well up to the present illness. 

Present Illness: Began three weeks ago with pain in the abdomen. He 


The pulse is a little 


Has been in hospitals 


No 


stopped work for one week but after that went back to work for two weeks. 
During the week before admission to the hospital he was troubled with marked 
shortness of breath. Edema of feet began on the day before admission. 


has had a cough for three days. 


He 
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Physical Examination (February 16): The patient is 157 cm. tall. He is 
slightly cyanotic and orthopneic. No clubbing of fingers. Heart: Apex impulse 
is in the fifth space 9 cm. to the left of the midsternal line. Cardiac dulness 
extends from 12 cm. to left of midsternum in the sixth space to 5 cm. to the 
right in the fourth space. Action regular. At the apex the first sound is followed 
by a blowing systolic murmur; the second sound is distant and followed by a 
long rumbling murmur which extends through diastole. The pulmonic second 
sound is accentuated. There is a loud systolic murmur in the fourth and fifth 
spaces just to the left of the sternum and transmitted to the right. The lungs 
are negative except for scattered rales and dulness at the extreme left base. 
Liver not felt. Abdomen negative. Slight edema of legs. 

Urine: Specific gravity, 1.030; heavy cloud of albumin; many casts. 

Temperature has ranged from 100 to 102 since admission. 

Pulse has varied between 96 and 112; respirations from 24 to 32. 

The patient was in the calorimeter, February 15, the day preceding the fore- 
going physical examination, and on February 23. 

February 19: The patient is now almost completely compensated at rest. 
Respiration less rapid and less labored. Slight cyanosis persists. Heart dul- 
ness extends from 10 cm. to the left in the fifth space to 3.5 cm. to the right 
in the feurth space. Action regular. Sounds and murmurs are unchanged. 
He has been passing large quantities of water. 


Food Urine Urine 

Date Cal. Food N. Urine N. NaCl Vol., C.c. 
2/15-16 12.61 913 
2/16-17 518 3.92 14.28 2,430 
2/17-18 11.69 26.95 4,800 
2/18-19 1,139 4.90 7.90 20.48 1,880 


February 24: Blood pressure: systolic, 95; diastolic, 70. 

February 17-24, temperature varied between 98.4 and 99.8 (rectal). 

February 20: Urine: Albumin negative, no casts. 

The patient was on the Karrell diet and received digitalis from February 14 
to February 17, inclusive. 

February 24: Blood culture sterile. Wassermann negative. 

March 13: Up and about. 

Alveolar Carbon Dioxid (Plesch-Higgins method): February 15, average 
27.7 mm.; February 16, average 33.7 mm.; February 18, average 36.7 mm.; 
February 23, average 37.2 mm. 

Medication: Digitalin, 10 minims every four hous (8, 12, 4) the night before 
going into the calorimeter (Feb. 15, 1915). Also digitalin, 10 minims, every 
four hours (8, 2, 6) on the day of the calorimeter (Feb. 15, 1915). 

No electrocardiogram. 

Case 4.—Edward M., aged 37, chauffeur, born in the United States, admitted 
Feb. 15, 1915, discharged Feb. 27, 1915. Service of Dr. Coleman. 

Diagnosis: Mitral insufficiency and auricular fibrillation. 

Complaint: Dyspnea and edema of the legs. 

Family History: Negative. 

Past History: Had rheumatism in 1908. The attack lasted about one year, ' 
and affected all the joints of his limbs. , He was in bed off and on. Four years 
ago he was refused life insurance. He has had dyspnea, palpitation, edema of 
the feet and vertigo for several years. During the last year these symptoms 
have been severe. This is his third admission to the hospital since last May. 
No history of venereal disease. 

Present Illness: Legs have been more swollen during the last week. Dyspnea 
and cough are more severe, so he has returned to the hospital. € 

Physical Examination (Feb. 17, 1915): The patient is a large, well devel- 
oped man. He is orthopneic and distinctly cyanotic, but his respiration is 


a 
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slower and not so labored as it was yesterday. He coughs occasionally but 
raises little sputum. Heart: Dulness extends from 14 cm. to the left of the 
midsternum in the fifth space to 4 cm. to the right in the fourth space. Pulse 
86, irregular in force and rhythm. No pulse deficit. At the apex the first 
sound is poor in quality, and is followed by a blowing systolic murmur which 
is transmitted to the left. No murmurs at the base. Pulmonic second sound 
is louder than the aortic. Radial artery not palpable. Lungs: Slight dulness 
at the left base posteriorly. Numerous sibilant and sonorous rales throughout 
the chest. Liver: Edge indistinctly made out 5 cm. below the costal margin in 
the right mammary line. No fluid in the abdomen. Slight edema of the back 
and legs. 

Pulse, between February 16 and February 20, ranged from 56 to 108. It 
was 120 once, and 140 once. 

Temperature reached 102 F. (rectal), February 16. From then to February 
20 it was below 99.8 F. (rectal). 

Respiration varied from 24 to 30 on the first three days in the hospital, and 
was subsequently 20 or less. 

Blood Pressure: February 16, systolic, 120; diastolic, 85. 

Urine: February 16, specific gravity, 1.025; trace of albumin; no casts. 

Medication: Soft diet. Digitalis from February 16 to February 19, infusion 
of digitalis, 20 minims, the night before and on the day he was in the calorimeter. 

Alveolar Air (Plesch method): February 16, carbon dioxid tension, 38.3 mm. 

Electrocardiogram shows auricular fibrillation. “T” waves directed down 
in the second and third leads. 

Patient regained compensation rapidly, and on February 24 was beginning 
to get up in a chair. 

In calorimeter, Feb. 17, 1915. 

Discharged, Feb. 27, 1915. General condition very good. Cyanosis much 
improved. Walks around without shortness of breath. Pulse still irregular. 

Case 5.—Charles L., aged 54, laborer, born in the United States, admitted 
February 16, 1915, discharged Feb. 24, 1915. Service of Dr. Lambert. 

Diagnosis: Chronic nephritis with hypertension. Cardiac hypertrophy with 
aortic insufficiency and mitral insufficiency. Emphysema. 

Complaint: Shortness of breath. 

Family History: Negative. 

Past History: Three years ago he was sick for nine weeks with rheumatism. 
He had erysipelas following a fracture of the skull six years ago. He drinks 
a considerable amount of beer. There is no history of syphilis. 

Present Illness: He has noticed dyspnea for about a month when he went 
upstairs. For two weeks this has been much worse and he has been unable to 
sleep at night. 

Physical Examination (February 19): The patient is a rather large, strong 
man. His skin has slight yellowish tinge. Lips and mucous membranes are of 
fair color. There is no definite cyanosis. Respiration is quiet but somewhat 
rapid. Respiration is periodic in type, but without intervals of complete apnea. 
The chest is large, almost barrel-shaped. Heart: Dulness extends from 14 cm. 
in the fifth space to the left of the midsternum to the right sternal margin. 
No area of absolute cardiac dulness. Action regular. At the apex the first 
sound is rather faint and it is followed by a blowing systolic murmur. The 
second sound at the apex is also faint; it is followed by a blowing diastolic 
murmur. Both systolic and diastolic murmurs are well heard in the axilla and 
over the precordium. They are also audible in the first and second spaces to the 
right of the sternum. The murmurs are loudest in the first space to the 
right and in the second space to the left of the sternum. The pulse is of good 
size, high tension, and distinctly collapsing in type. Artery wall not palpable. 
Lungs: Emphysematous. Scattered rales in both sides of back. Fairly fre- 
quent cough, but little expectoration. Dulness with absent breath sounds at 
extreme right base posteriorly. Abdomen negative except for slight tender- 
ness in region of the liver. Liver not felt. No edema. 
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Temperature: Varied between 98 and 100 F. (rectal). 

Pulse: Varied between 64 and 100. 

Respiration: Ran between 28 and 36 on the first two days—later between 
20 and 28. 

Wassermann Reaction: Negative. 

Blood Pressure: February 17, systolic, 180; diastolic, 90. 

Phenolsulphonephthalein Test: February 20, first hour, 10 per cent.; second 
hour, 20 per cent.; total, 30 per cent. 

Urine: February 16, specific gravity, 1.020; albumin, heavy cloud; many casts. 

February 21, specific gravity, 1.018; albumin, strong trace; many casts. 


SuMMARY OF Diet CHART 


Food Urine Urine 
Date Cal. Food N. Vol.,C.c. Urine N NaCl 
2/19-20 1,524 5.82 685 8.55 12.17 


Medication: Special diet. Restricted fluids. Infusion of digitalis every four 
hours from February 18 to February 20. Infusion of digitalis just before going 
into calorimeter. 

Alveolar Air (Plesch method): February 19, carbon dioxid tension, 39.4 mm. 
at 3:30 p. m. 

In calorimeter, Feb. 19, 1915. 

Case 6.—Annie T., aged 14, born in the United States, admitted Jan. 14, 
1915, discharged March 25, 1915. Service of Dr. Lambert. 

Diagnosis: Congenital heart disease. Open ventricular septum. Dextrocardia. 

Complaint: Heart trouble, headache and trembling. 

Family History: Negative. 

Past History: Negative except for the dyspnea associated with her cardiac 
condition. 

Present Illness: Comes to hospital on account of a severe attack of head- 
ache, with palpitation of the heart, and stomach ache. Has had similar attacks 
before. 

Physical Examination: Height 137 cm. The patient is a small, rather under- 
developed girl, dull mentally. She lies flat on her back breathing quietly but 
slightly rapidly. There is a high degree of cyanosis of lips, tongue, nose, hands 
and feet. There is marked clubbing of the fingers and toes. The chest is 
asymmetrical. Right side more prominent than left. Heart: Apex impulse is in 
the fifth space 9 cm. to the right of the midsternal line. The dulness extends 
from 11 cm. to the right in the fifth space to 4 cm. to the left of the midsternum 
in the fourth space. No thrills are felt. At the apex, just below and outside the 
right nipple, the first sound is scarcely audible, and there is a loud blowing 
systolic murmur. The second sound is weak. There is a loud systolic murmur 
heard all over the precordium and to the left of the sternum. Its maximum 
intensity is in the fifth space just to the right of the sternum. There is a 
loud, low pitched systolic murmur in the second space just to the left of the 
sternum, and also in the second space to the right of the sternum. Lungs: 
Negative on auscultation and percussion. Abdomen, liver and spleen negative. 
Skin harsh and dry. 

Roentgenoscopy reveals transposition of heart and colon. Stomach and liver 
are in normal position. 

Temperature: Ranges between 98.4 and 101 F. (rectal). 

Pulse: Usually varies between 86 and 108. 

Respiration: Now from 20 to 24. 

Blood Pressure: January 27, systolic, 95 mm. 

Urine: January 15, specific gravity, 1.025; albumin, cloud; granular casts. 

Alveolar Air (Plesch method): February 18, carbon dioxid tension, 25.2 mm. 
at 4 p. m. 
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Blood: Jan. 28, 1915, leukocytes, 14,000; polymorphonuclears, 63; transi- 
tionals, 1; lymphocytes, 28; large mononuclears, 8; mast cells, 0. 

Feb. 9, 1915, leukocytes, 15,200; polymorphonuclears, 56; transitionals, 4; 
lymphocytes, 28; large mononuclears, 7; mast cells, 5. 

Electrocardiogram, Jan. 16, 1915, shows an inverted “T” wave in the first 
lead; very large “P” and “T” waves in the second lead, and very large “P” 
and “T” waves in the last lead, with a splitting of the “T” waves. 

Electrocardiogram: Jan. 19, 1915, right and left arm terminals were normal. 
Shows right heart preponderance; inverted “P” and very large “T” waves in 
Lead 1; “P-R” interval prolonged. 

In calorimeter, Feb. 20, 1915. 

Case 7.—Edward W., aged 37, born in the United States, bath attendant, 
admitted Feb. 22, 1915, discharged March 7, 1915. Service of Dr. Meara. 

Diagnosis: Chronic interstitial nephritis. Cardiac dilatation. 

Complaint: Shortness of breath; swelling of feet. 

Past History: Has had frequent attacks of sore throat. Syphilis twelve 
years ago. Has been a heavy drinker during the last three months. 

Present Illness: Five days before admission he began to be troubled with 
palpitation and dyspnea on exertion. Dyspnea has been much worse at night. 
Edema of feet for the last few days. 

Physical Examination (February 24): The patient is a fairly well developed 
young man. His lips, ears and finger tips are slightly dusky. Definite exoph- 
thalmos. Thyroid not enlarged. Respiration is periodic, but without intervals 
of complete apnea. Breath urinous. Orthopnea marked. Patient says he is 
breathing much more easily than during the night. Heart: Dulness extends 
from 11 cm. to the left of the midsternum in the fifth space to 3.5 cm. to the 
right of the midsternum in the fourth space. At the apex the first sound is 
loud, followed by a soft, blowing systolic murmur and a ringing second sound. 
Aortic second is ringing but not accentuated. Gallop rhythm is heard all over 
the precordium, most marked just below the left nipple. Pulse is regular; 
high tension. Wall of radial artery is easily palpable. Vessels tortuous. Lungs: 
Negative except for scattered rales, which are most numerous at the left base. 
Abdomen negative. Liver negative. Very slight edema of the dependent parts 
of the thighs. 

Pulse: From February 22 to February 25, has averaged from 86 to 116 
per minute. 

Respirations: From February 22 to February 25, have averaged from 20 
to 32 per minute. 

Temperature: From February 22 to February 25, has varied from 98.4 to 
99.8 F. (rectal). 

Blood Pressure: February 23, systolic, 190; diastolic, 100 mm. 

Urine: February 23, specific gravity, 1.018; albumin, + + +; no casts seen. 

Medication: Soft diet. Tincture of digitalis, 15 minims, every four hours 
from February 22 to 28. 

SumMary or Dret CHart 
Food Urine 
Date Cal. Food N. Vol.,C.c. Urine N. 
2/24-25 1,226 3.3% 1,254 7.26 


Alveolar Air (Plesch method): February 24, carbon dioxid tension, 38.9 mm, 

Wassermann, Feb. 28, 1915, positive, 17 units. 

Alkali Tolerance Test: After 20 gm. sodium bicarbonate, given in 5 gm. 
doses every hour, the urine became neutral. After 25 gm. it was still neutral. 


Not tested later. 
Phenolsulphonephthalein Test: February 27, first hour, 6 per cent.; seconu 


hour, 4 per cent.; total, 10 per cent. 
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February 27: The patient has Cheyne-Stokes respiration—periods of apnea 
and periods of intense dyspnea. He is very uncomfortable with his breathless- 
ness. His condition appears to be much worse. 

In calorimeter, Feb. 24, 1915. 

March 7, 1915: Patient has improved very little. Fairly comfortable during 
the day, but each night suffers from shortness of breath and great restlessness. 
Heart action is rapid, and there is a gallop rhythm in spite of digitalis. Res- 
piration is of Cheyne-Stokes type. Left hospital against advice in a serious 
condition. Died April 17, 1915. 

Case 8.—Henry R., aged 40, born in the United States, waiter, admitted to 
hospital, Jan. 22, 1915, died March 20, 1915. Necropsy not obtained. Service 
of Dr. Nammack. 

Diagnosis: Chronic myocarditis. Emphysema. Chronic nephritis (?). 

Complaint: Shortness of breath. 

Past History: Syphilis three years ago. Was in Bellevue Hospital in May, 
1914, with lobar pneumonia. Has been in hospital since then with diagnosis 
of chronic myocarditis the first time, and chronic cardiac valvular disease the 
second time. Drinks two or three whiskies a day. 

Present Illness: Comes into the hospital again because of increase of 
dyspnea since catching cold. On admission the clinical picture was that of an 
acutely decompensated heart. February 6, he began to run an irregular tem- 
perature, reaching sometimes 103, rectal. The diagnosis of bronchopneumonia 
was considered. February 21, the temperature fell to normal. Since then the 
highest temperature has been 101, rectal. General condition has not improved 
essentially. 

Physical Examination (February 26): The patient is a big strong negro 153 
cm. tall, Respiration is very rapid and shallow; rate, 40. There is orthopnea. 
Tongue and conjunctiva are rather pale. Eyes are prominent. Chest is very 
large. Heart: Dulness extends from 12.5 cm. to the left of the midsternum in the 
fifth space to 3 cm. to the right in the fourth space. The action is regular and 
rapid. Sounds are of fair quality. No murmurs are heard. There is a well 
marked protodiastolic gallop rhythm, heard best just below and outside the 
left nipple. Aortic second sound is slightly accentuated and ringing. Pulse 
is of fair quality; rate, 116 per minute. Artery wall not palpable. Lungs: 
Marked emphysema. Slight dulness at extreme right base posteriorly. A few 
scattered rales throughout both lungs. Many moist rales at the right base 
behind. Abdomen, negative. Liver: Edge easily felt about 3 cm. below the 
costal margin in the right nipple line. Slight tenderness over the liver. Very 
slight edema of the feet and lower legs. 

Urine: Clear, amber, 1.022 specific gravity, acid, heavy cloud of albumin, 
many hyaline and coarsely granular casts, many leukocytes. 

Blood Pressure: February 18, systolic, 138; diastolic, 105. 

February 27, systolic, 160; diastolic, 120. 

Phenolsulphonephthalein: Feb. 27, 1915, first hour, 30 per cent.; second hour, 
18 per cent.; total, 48 per cent. 

Wassermann, January 30, double positive, 12 units. 

Alveolar Air (Plesch-Higgins method): February 25, carbon dioxid tension, 
41.1 mm. at 5 p. m. February 26, carbon dioxid tension, 39.9 mm. at 4:30 p. m, 

Medication: Soft diet. Morphin. Infusion of digitalis. Tincture digitalis. 
Codein % grain, the night before and the morning before going into calorimeter. 

Temperature: January 22 to Jan. 28, 1915, 99 to 101. January 28 to Feb. 1, 
1915, 99. February 2 to Feb. 7, 1915, rose to 103.5 once. February 8 to Feb. 
12, 1915, 100 to 101.5. February 12 to Feb. 16, 1915, 100 to 104. Remainder of 
time, 99 to 101. 

In calorimeter, Feb. 26, 1915. 

Case 9.—Burrell P., aged 41, laborer, admitted March 18, 1915, discharged 
April 5, 1915. Service of Dr. Nammack. 





1004 THE ARCHIVES OF INTERNAL MEDICINE 


Diagnoses: Aortic regurgitation and stenosis. Mitral regurgitation. Tri- 
cuspid regurgitation. Aneurysmal dilatation of the aorta. 

Chief Complaint: Shortness of breath. 

Past History: Measles and whooping cough as child. Pneumonia twenty 
years ago. 

Present Illness: Duration for past year. Ten weeks ago found that he 
could not work properly on account of shortness of breath. Has had hoarse- 
ness and sore throat. Nocturia rather frequent. Occasional headaches. Marked 
dyspnea, especially after work. Has had no swelling of ankles or legs at any 
time. Coughs frequently and has marked night sweats. 

Physical Examination (March 23, 1915): Patient is a dark negro of mus- 
cular development. Is 169 cm. (5 feet 7 inches) tall. Orthopneic and dyspneic, 
breathing 26 to the minute. Not prostrated nor in much distress. An occasional 
unproductive cough. Heart: Apex beat in sixth space, 15 cm. to the left. Action 
is regular, not rapid; forceful. At the apex there is a blowing systolic murmur 
transmitted to the left, and a waterfall, diminuendo diastolic murmur heard 
with maximum intensity to the left of the sternum, but audible over the whole 
precordium. In the third left space there is a short presystolic murmur (Flint?). 
Over the aortic region there is a harsh systolic and a soft diastolic murmur. 
Pulse: Large excursion, quick rise and fall. Artery wall moderately thick- 
ened. Lungs: No dulness; many sibilant and sonorous rales. Cervical, axil- 
lary, epitrochlear, inguinal glands considerably enlarged. 

March 19, 1915: Electrocardiogram shows a large “P” wave and the “T” 
wave is directed upward in each lead. There is marked left sided preponderance. 

April 1, 1915: Some dyspnea. Complains of precordial pain. Heart not 
much changed. 

Urine: Negative. 

Blood: No data. 

Temperature ran to 101.5 F., March 18, 1915; below 100 F. the rest of the 
time. 

Pulse: March 18, 1915, from 104 to 112; March 19, 1915, from 70 to 80. 

Respiration: March 18, 1915, from 20 to 32 

In the calorimeter, March 24, 1915. 

March 18, 1915: Pupils unequal. React sluggishly. Aortic arch is dilated 
and heart is greatly enlarged down and to the left, also to the right of the 
midsternal line. Systolic thrill palpable over the aortic area. Apical impulse 
is forceful. Systolic and diastolic murmur is heard at the apex. Aortic second 
sound is accentuated. A systolic murmur is heard over the tricuspid area. 
There is an extracardiac sound heard which appears to be a pericardial rub. 
The pulse is of a typical Corrigan type. 

March 22, 1915: Condition improved. Rhythm regular. Rate slow. Peri- 
cardial scratch persists. Seems much better compensated. 

Medication: Digitalin, 15 minims, every four hours, the day before going 
into the calorimeter. Also “% grain codein, the night before going into the 
calorimeter. 

Case 10.—August F., aged 62, tailor, married, admitted April 26, 1915, died 
May 20, 1915. 

Diagnosis: Chronic interstitial nephritis and auricular fibrillation. 

Complaint: Shortness of breath. Swelling of feet. Pain in chest. 

Past History: There is a family history of cardiac disease. He was told 
that he had albumin in the urine many years ago. He had pneumonia long 
ago. Has had no rheumatism. Three months ago fluid was removed from 
his chest. 

Present Illness: Began three years ago with a feeling of fatigue and short- 
ness of breath. He has had remissions ever since. Also occasional headaches 
and night sweats. He feels very weak. 

Physical Examination: The patient is 159 cm. tall. He is very orthopneic 
and in considerable distress. His lips are dry and cyanotic. Teeth are bad. 
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There are many rales over both bases of the lungs. Heart: Right border 3 cm. 
from the midsternal line. Upper border at the third rib. Left border 14 cm. 
and the apex 13 cm. from the midsternal line. There is a faint systolic blow 
heard over the apex. The sounds are of poor muscular quality. There is a 
harsh systolic murmur heard over the aortic area. The pulse is somewhat irregu- 
lar. Walls palpable. 

April 27: Pulse slower after strophanthin and digitalis. 

April 29: A rough, hard systolic murmur is heard over the base of the 
heart, loudest in the third left space. The second sound is also loudest in this 
site. There is a moderate amount of fluid in the abdomen. Edema of the 
extremities. 

May 1: Dulness at both bases posteriorly. Breath sounds diminished in 
intensity at the bases, where one hears an occasional rale. The cardiac impulse 
is less pronounced than on admission. The heart is still much dilated. There 
is a rough blow at the mitral area. The aortic second sound is slightly prolonged. 
The heart impulse is in the fifth space, 12 cm. to the left of the midline. The 
left limit of dulness is in the sixth space, 12.5 cm. to the left of the midline. 
Right limit of dulness is in the fourth space, 4 cm. to the right of the midline. 
There is a systolic murmur of maximum intensity to the right of the sternum. 
The patient has very scant beard. Pubic hair of female type. The patient is 
very orthopneic~ distir ctly dyspneic and shows marked Cheyne-Stokes breathing 
when asleep or quiet. He is slightly cyanotic. There is distinct edema of the 
flanks and legs. The breath is slightly urinous. 

Urine: Cloudy, amber colored, specific gravity, 1.010, trace of albumin, 
hyaline and granular casts, leukocytes, erythrocytes. 

Blood Pressure: Systolic, 170; diastolic, 110 (?), May 1, 1915. 

Blood: Leukocytes, 15,600; polymorphonuclears, 68 per cent.; transitionals, 
3 per cent.; lymphocytes, 25 per cent.; large mononuclears, 4 per cent. 

Temperature: April 27 to May 12, from normal to 100; May 13 to May 
19, 103. 

Respiration: During high temperature, from 24 to 32. 

Pulse: During high temperature, from 104 to 120. 

Electrocardiogram: May 3, shows auricular fibrillation and left hypertrophy. 

Phenolsulphonephthalein Test: May 8, first hour, 13 per cent.; second hour, 
1l per cent.; total, 24 per cent. 

The patient grew more and more orthopneic and dyspneic until death. Breath 
became more urinous. 

Case 11.—William S., aged 48, longshoreman, admitted Dec. 22, 1914, dis- 
charged March 1, 1915. Service of Dr. Coleman. 

Diagnosis: Adherent pericardium and auricular fibrillation. 

Complaint: Shortness of breath. Pain in lumbar region. 

Past History: Healthy until 1913, when he had pneumonia and was in 
Ward B2 of the Bellevue Hospital. After discharge he was weak and dyspneic 
for two months and was unable to work. Since then he has had a productive 
cough. He has lost weight and has had hemoptysis. There is a positive his- 
tory of syphilis and gonorrhea. 

Present Illness: Dec. 22, 1914, while unloading heavy lumber, he became 
suddenly short of breath. He rested but obtained no relief. 

Physical Examination: The patient is 171 cm. tall, a moderately well nour- 
ished man, propped up in bed, markedly dyspneic and somewhat cyanotic. Pupils 
are sluggish. He is breathing rapidly and shallowly. There is diffuse systolic 
impulse over a broad area at the apex. The area of absolute cardiac dulness 
is very much enlarged. The sounds are of poor quality. There are no murmurs 
The abdomen is distended and somewhat tender. The liver is felt at the 
umbilicus. Heart: Right border is 10 cm. to the right of the midline; left 
border, 14 cm. to the left of the midline. A triangular area of dulness. 

Wassermann: Anticomplementary. 
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Jan. 2, 1915: General condition much improved. Broadbent’s sign present. 

Jan. 27, 1915: Patient sat up for two hours without any ill effect. 

Feb. 3, 1915: Three days ago the patient developed shortness of breath; 
precordial pain; edema of the extremities. 

Feb. 10, 1915: Dyspnea less marked. Cyanosis persists. Heart action very 
irregular, sounds faint, no distinct murmurs. Regurgitant wave in the jugulars. 
Few moist rales at bases. 

Feb. 28, 1915: Distention of abdomen relieved by catharsis. Dyspnea con- 
tinues. Heart irregular. Condition improved slightly. 

Urine: Dec. 23, 1914, clear, pale amber, specific gravity 1.020, acid, faint 
trace of albumin, few hyaline casts. 

Blood: Dec. 24, 1914, leukocytes, 4,800; polymorphonuclears, 73 per cent.; 
transitionals, 5 per cent.; lymphocytes, 12 per cent.; large mononuclears, 8 per 
cent.; eosinophils, 1 per cent. 

Temperature: December 23 to December 25, from 101 to 103 F. December 
26 to Feb. 28, 1915, from normal to 99 F. 

Pulse: In the beginning from 100 to 146; later, from 60 to 80; then from 
89 to 95. 

Respiration: In the beginning, from 28 to 36; later, from 24 to 28. 

Blood Pressure: Dec. 26, 1914, systolic, 110; diastolic, 80 (?). 

Electrocardiogram: December 28, auricular fibrillation; “T” waves directed 
down in all leads. 

Roentgenoscopy: December 30, moderate enlargement to the right and left; 
marked irregularity in the outline of the right diaphragm suggesting extensive 
adhesions. 

In calorimeter, Feb. 10, 1915, 

Case 12.—George M., aged 56, saloonkeeper, watchman, porter, admitted 
Jan. 19, 1914, discharged April 29, 1914. Service of Dr. Meara. 

Diagnosis: Chronic interstitial nephritis and cardiac hypertrophy. 

Complaint: Shortness of breath. Swelling of the feet. 

Past History: Alcoholic. Had measles when a child. Gonorrhea thirty-four 
years ago. 

Present Illness: In December, 1911, he first noticed shortness of breath on 
exertion and swelling of feet after work. Had to stop work about the 10th of 
June, 1911, because of the shortness of breath and edema of feet. His abdomen 
then began to increase in size and he became yellowish in color. His scrotum 
and penis began to swell. Frequent micturition. Oct. 23, 1912, he was taken 
with shortness of breath again, cough and swelling of the legs. Aug. 5, 
1913, his legs began to swell, and he became very dyspneic on walking. His 
sputum became bloody. He could not lie down in bed on account of dyspnea. 
His abdomen increased in size. 

Physical Examination (Jan. 19, 1914): The patient is a well nourished man 
propped up in bed showing considerable dyspnea. His face is flushed and some- 
what edematous. Chest symmetrical and emphysematous. Sibilant and sono- 
rous rales anteriorly and posteriorly. Heart: Right border 7 cm. to the right; 
left border 13 cm. to the left; cardiac impulse 12.5 cm. from the midsternal 
line. It extends to the third rib above. The sounds at the apex are of poor 
muscular quality. There are extrasystoles, some of which are not felt at the 
wrist. At the base the sounds are distant. No murmurs can be definitely made 
out. The pulse is irregular in force and rhythm. The vessel walls are slightly 
thickened. Liver dulness extends 2 cm. below the costal margin. Extremities 
edematous. 

Jan. 22, 1914: Left lung shows dulness to flatness from the angle of the 
scapular to the base with a pleuritic rub. Heart: Left border 13 cm. from 
the midsternal line in the fourth-fifth interspace; right border 7 cm. from the 
midsternal line in the third-fourth interspace. Extends to third rib above. 
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Feb. 23, 1914: Doing well. No edema. Heart regula>. Patient has a pulsus 
alternans. 

March 14, 1914: Looks very well. On sodium chlorid has incomplete elimi- 
nation with formation of an edema and increased blood pressure. On potas- 
sium chlorid the elimination is complete, associated with diuresis and fall of 
blood pressure. 

April 28, 1914: General condition excellent. Heart as noticed above. 
Discharged. 

Urine: Nov. 10, 1912, cloudy, amber, specific gravity 1.022, acid, faint trace 
of albumin, finely granular casts, leukocytes +, erythrocytes +. 

Blood: Dec. 6, 1912, leukocytes, 11,000; polymorphonuclears, 73 per cent.; 
transitionals, 7 per cent.; lymphocytes, 15 per cent.; large mononuclears, 8 per 
cent.; hemoglobin, 90 per cent.; reds, 4,504,000. 

Blood Pressure: March 24, 1914, systolic, 195; diastolic, 115. April 4, 1914, 
systolic, 160; diastolic, 102. 

Pulse: March 24, 1914, from 72 to 90; April 4, 1914, from 72 to 80. 

Respiration: March 24, 1914, from 18 to 24; April 4, 1914, from 20 to 24. 

Temperature: March 24, 1914, subnormal; April 4, 1914, subnormal. 

Wassermann: Dec. 8, 1913, positive. 

Phenolsulphonephthalein: Jan. 27, 1914, 55 per cent. in two hours. 

Case 13.—Marcus R., aged 51, Hebrew, tinsmith, admitted March 10, 1913, 
discharged April 12, 1913. Service of Dr. Thompson. 

Diagnosis: Chronic interstitial nephritis, arteriosclerosis, mitral insufficiency. 

Past History: He had malaria at the age of 17 to 20 years. Had pneu- 
monia in 1877. He is a moderate user of alcohol; occasionally took whisky 
before breakfast. 

Present Illness: In January, 1912, his legs began to swell. Since then he 
has been short of breath and has not been able to walk. He has been very 
thirsty and gets up once or twice at night to pass water. Three weeks ago 
he caught cold. 

Physical Examination: The patient is of medium stature and heavy build. 
He is slightly dyspneic. The apex is in the fifth space, 14 cm. from the midline. 
The sounds are booming. There is a loud systolic murmur at the apex. The 
aortic second sound is very much accentuated. The artery wall is very thick, 
and there is a question of calcification. Tension is high. Pulse is regular. 
Many crackling and moist rales over the lungs. Liver edge is felt one hand’s 
breadth below the costal margin. The surface is hard and nodular. There is 
shifting fluid in the flanks. 

Urine: March 10, from 600 to 1,400 c.c. 

Blood Pressure: March 10, systolic, from 300 to 320; diastolic, from 140 to 
180. March 16-31, systolic, 300 to 310; diastolic, 115 to 150. April 1-9, systolic, 
300 to 320; diastolic, 150 to 170. 

Temperature: March 10, from 98 to 100 F. March 16-31, normal. April 1-9, 
normal. 

Pulse: March 10, from 88 to 100. March 16-31, 72 to 80. April 1-9, 78 to 84. 

Respiration: March 10, from 20 to 30. March 16-31, 18 to 20. April 1-9, 
18 to 20. 

Weight: March 10, 149% pounds. March 16-31, from 140 to 137 pounds. 

Case 14.—David K., aged 54, architect in reduced circumstances, admitted 
Feb. 21, 1913, discharged March 26, 1913. Service of Dr. Hartwell. 

Diagnosis: Chronic interstitial nephritis. Arteriosclerosis. Inguinal hernia. 

Past History: Three years previous to admission he noticed a small lump 
in his left groin. There was little discomfort until two years later when it 
became painful. Is very alcoholic. 

March 21, 1913: Four weeks ago the patient was operated on for inguinal 
hernia. He now seems absolutely normal. He was out on a pass yesterday and 
returned at 7 p.m. For breakfast he had a cup of coffee without sugar or milk. 
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March 26, 1913: Heart: apex neither visible nor palpable. Left limit of 
dulness in the fifth space, 12.5 cm. to the left of the midline. Over the aortic 
area there is a rough systolic impurity of the first sound. The second aortic 
sound is loud and ringing. There is no enlargement to the right of the sternum. 
The radials are palpable. 

March 26, 1913: Patient discharged. 

Urine: Trace albumin. 

Blood Pressure: March 26, systolic, 195; diastolic, 110. 

Case 15.—William A., aged 24, laborer, admitted Dec. 28, 1914, discharged 
Jan. 30, 1915. Service of Dr. Coleman. 

Diagnosis: Aortic regurgitation. 

Complaint: Pain in right side of chest. Difficulty of breathing when lying 
down. 

Past History: Has had measles, pneumonia and rheumatism. Has had gonor- 
rhea. Tonsils have given him trouble. Tonsils are enlarged. 

Present Illness: Dec. 25, 1914, he was taken with a very sharp pain in his 
side. The following night he could not lie down. He felt his heart beating. He 
now feels weak and coughs a good deal. 

Physical Examination: The patient is a well developed and well nourished 
young man 180 cm. tall. His tonsils are swollen and congested. The cardiac 
impulse is seen in a diffuse area around the nipple and is forcible. The upper 
border is in the third interspace; right border 4 cm. from the midsternal line; 
left border 13 cm. from the midsternal line. There is a Flint murmur at the 
apex, and also a diastolic murmur. Corrigan pulse. 

January 11, 1915: Lungs are normal. Patient is comfortable except for a 
slight cough. The diastolic and Flint murmurs still continued. There is a short 
systolic murmur at the apex. 

January 15: There is a blowing systolic murmur at the aortic region, trans- 
mitted along the vessels of the neck and arm. 

January 26: The patient has been in a chair all day without fatigue. He was 
examined upright in the chair. The cardiac impulse was forceful, maximum in 
the fifth space. The left limit of dulness in the fifth space, 13.5 cm. from the 
midline, in the fourth space 11.5 cm. from the midline; right limit of dulness at 
the sternal margin. In the aortic region there is a systolic murmur transmitted 
upward and a blowing diastolic murmur transmitted downward. At the apex 
there is a short systolic murmur and a rumbling murmur in diastole. Pulse of 
Corrigan type. 

Blood Pressure: Systolic 140. 

Urine: Clear, amber, specific gravity 1.030. 

Temperature: Dec. 31, 1914, to Jan. 2, 1915, from 99 to 101 F. Jan. 6, 1915, 
varied slightly around the normal. 

Respiration: From 18 to 20. 

Pulse: From 65 to 80. 

Electrocardiogram: “T” waves directed downward in the second and third 
leads. In the calorimeter, Jan. 25 and 27, 1915. 

Case 16.—Theodore S., aged 32, coachman, single, admitted Jan. 17, 1914, 


discharged Feb. 22, 1914. 

Diagnosis: Chronic cardiac valvular disease. Cardiac hypertrophy and 
dilatation. 

Past History: He had pneumonia at the age of 6 years. In 1906 he had 
He has had no rheumatism. At 8 years of age he was operated 
He was a moderate user of beer, but for the 
He stopped working one year ago. 
Last year he was a driver. 


typhoid fever. 
on for some abdominal condition. 
last two or three years he has used none. 
In Sweden he did rough carpenter work one year. 

Present Illness: 
on exertion. 
had a short, sharp, hacking cough. He sleeps well. 


For four or five years he has been short of breath, especially 


At times he has had a pain in his left side. For one month he has 
He was obliged to take an 
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easy job three years ago, as the doctor said he had heart trouble. Eight months 
ago he could carry a trunk upstairs. For two weeks he has been confined to the 
house. 

Physical Examination: The patient is of medium build, 169 cm. tall, a well 
developed and well nourished man. Arteries are palpable. Sibilant rales at 
both bases. 

Jan. 19, 1914: Patient is quite comfortable, not dyspneic, slight cyanosis of 
the lips. 

January 26: Condition excellent. Slight cough, no dyspnea, no orthopnea. 
Sat up in chair without fatigue. Apex beat in the fifth space, 12 cm. from the 
midline ; left limit of dulness in the fifth space 14.5 cm. from the midline, in the 
fourth space 12.5 cm. from the midline; right limit of dulness in the third space 
3 cm. from the midline, in the fourth space 4 cm. from the midline. Heart 
action very slow, heavy, irregular in force and rate. Tracings show absence of 
the “A’ wave, typical auricular fibrillation. At the apex the first sound is sharp 
and short. The second sound is faint. There is a loud, rough, rumbling mur- 
mur starting almost immediately after the second sound and diminishing in 
intensity during diastole, lasting throughout the short diastolic pauses, but 
stopping before the end of the long diastoles. At the base of the heart the pul- 
monic second sound is very much accentuated. The radial pulse corresponds 
with the apex impulse. The beats vary in size. Wall not palpable. There are 
a few sibilant and sonorous sounds in the lungs. No edema. Mucous mem- 
branes are deep red and slightly cyanotic 


February 10: The patient is up and about. He can walk up one and a half 
flights of steps 
February 11: The patient was given 1/120 grain atrophin, repeated after 


twenty-one minutes. Five minutes after the second dose the pulse rate increased 
from 48 to 55; the apex rate increased up to 96, and there was a large pulse 
deficit. At the apex the rate became almost regular, but not so regular in force. 
Throt dry, pupils dilated. The patient felt bad the next day, “As if he had 
been on a debauch.” 

February 15: The patient is sitting in a chair. Pulse 49; blood pressure 
large beats, systolic, 145; diastolic, 85. After climbing stairs, pulse, 46, diastolic 
blood pressure, 150; systolic, 85. 

February 21: Sounds as before. Wassermann negative. 

Temperature: January 17-27, from 98 to 100 F. From January 28 on, the 
temperature was normal. 

Roentgenogram of heart: 


Upright Horizontal 
SES sii Sate nae aw aaa 11.3 
BE: ctaeninanedeuanes 8.35 








19.65 20.65 





No medication. 
The patient caught cold at home and was readmitted, March 4, 1914, with 
bronchopneumonia. Heart sounds the same. Discharged March 27, 1914. 
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CLINICAL CALORIMETRY 
SEVENTEENTH PAPER 


METABOLISM AND TREATMENT IN DIABETES* 


FREDERICK M. ALLEN, M.D., ann EUGENE F. Dv BOIS, MLD. 
NEW YORK 


The experiments here to be described concern two patients with 
moderate diabetes treated by the oatmeal method in the metabolism 
ward of the Russell Sage Institute of Pathology and four Rockefeller 
Hospital patients with more severe diabetes transferred to Bellevue 
Hospital for study in the respiration calorimeter during various stages 
of the fasting treatment. Only very brief mention is possible of the 
literature’ concerning the subjects touched upon in the experiments, 
namely, (1) the oatmeal and fasting treatment, (2) the dextrose- 
nitrogen ratio, (3) the respiratory quotient under certain conditions, 
and (4) the total metabolism in diabetes. 

1. According to literature previously reviewed,’ the von Noorden 
school no longer holds that oatmeal stands entirely alone in respect 
to the capability of utilization by diabetic patients, but nevertheless 
maintains that for some unknown reason it is superior to other forms 
of carbohydrate. On the other hand, Blum® and a series of later 
authors have been able to observe no difference in the clinical effects 
of oatmeal and other carbohydrates. Also von Noorden has claimed 
that cases of the worst type are the ones that do best on oatmeal, 
whereas in mild cases the method often fails. The opposing authors 
found that oatmeal, like other carbohydrates, was tolerated better in 
mild cases and worse in severe cases. Furthermore, even in the seem- 
ingly favorable cases where the carbohydrate balance is strongly posi- 
tive, respiration experiments have usually shown little or no combus- 


* Submitted for publication March 22, 1916. 

* From the Russell Sage Institute of Pathology in affiliation with the Second 
Medical Division of Bellevue Hospital, New York. 

1. A fuller review by one of the authors (F. M. A.) is to be published 
elsewhere. 

2. Allen, Frederick M.: Studies Concerning Glycosuria and Diabetes, Har- 
vard University Press, Cambridge, Mass., 1913. 

3. Blum, L.: Les Hydrates de Carbone dans le Traitement du Diabete 
Sucré, Semaine Médicale, 1911, xxxi, 313; Ueber Weizenmehlkuren bei Diabetes 
mellitus, Beitrag zur Theorie der Verwendung der Kohlehydrate in der 
Therapie der Zuckerkrankheit, Miinchen. med. Wchnschr., 1911, Iviii, 1433; Die 
Diat bei Diabetes gravis, Med. Klin., 1913, p. 702. 
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tion of carbohydrate. Thus Benedict and Joslin* concluded that the 
carbohydrate ingested produced no material effect upon the metabol- 
ism; and Joslin® shows the failure of either oatmeal or potato to raise 
the respiratory quotient, notwithstanding positive carbohydrate bal- 
ances as high as 100 gm. Falta® states, without giving details, that a 
diabetic patient taking 400 gm. oatmeal daily without glycosuria 
showed no rise in the respiratory quotient on the first or second days, 
but on the third day a marked rise in the quotient occurred. Normal 
persons showed the usual prompt rise in the quotient; but when sub- 
jected to the customary program of the “oat cure,” namely, first a 
period of carbohydrate-free diet, then the customary fasting or vege- 
table-day, then a period of 400 gm. oatmeal daily, a normal person 
showed the same behavior as the diabetic, in that the quotient rose only 
on the third day. The reason was believed to be that the organism, 
impoverished in carbohydrate, first stored the ingested starch as gly- 
cogen without burning any considerable quantity. The records of 
Rolly? and Roth* concerning the administration of different carbo- 
hydrates to diabetics show no appreciable changes in the quotients 
during the series of successive days in their experiments. Joslin® 
pointed out that the respiratory quotient of Benedict’s fasting man rose 
promptly on taking mixed diet at the end of a thirty-one-day fast. 
Confirmation is necessary before it can be accepted that either a dia- 
betic or a normal subject will store the carbohydrate of 400 gm. 
oatmeal for two days, and then suddenly show active combustion on 
the third day. Any such change in the respiratory quotient of a dia- 
betic patient would more probably indicate an improvement in the 
power of carbohydrate combustion. 

Von Noorden and all other writers admit that many cases of dia- 
betes are so severe that neither the glycosuria nor the acidosis is 
cleared up by the oatmeal treatment. The method recently introduced,? 


4. Benedict, F. G., and Joslin, E. P.: Metabolism in Diabetes Mellitus, 
Carnegie Institution of Washington, 1910, Pub. No. 136, pp. 203, 215; A Study 
of Metabolism in Severe Diabetes, Carnegie Institution of Washington, 1912, 
Pub. No. 176; Ueber den Stoff- und Energieumsatz bei Diabetes, Deutsch. Arch. 
f. klin. Med., 1913, cxi, 333. 

5. Joslin, E. P.: Carbohydrate Utilization in Diabetes, THe Arcuives Int. 
Mep., 1915, xvi, 693. 

6. Falta, W.: Zur Theorie und Behandlung des Diabetes mellitus, Med. 
Klin., 1914, x, 9. 

7. Rolly, F.: Zur Theorie und Therapie des Diabetes mellitus, Deutsch. 
Arch. f. klin. Med., 1912, cv, 494. 

8. Roth, N.: Ueber Mehltage bei Diabetes, Wien. klin. Wchnschr., 1912, xxv, 
p. 1864. 

9. Allen, Frederick M.: Studies Concerning Diabetes, Jour. Am. Med. Assn., 
1914, Ixiii, 939; Boston Med. and Surg. Jour., 1915, clxxii, 242; New York State 
Jour. Med., 1915, xv, 330; Am. Jour. Med. Sc., 1915, cl, 480; Exercise, Boston 
Med. and Surg. Jour., 1915, clxxiii, 743; Investigative and Scientific Phases of 
the Diabetic Question, with Their Probable Relations to Practical Problems 
of Clinical Medicine, Jour. Am. Med. Assn., 1916, Ixvi, No. 20, p. 1525. 
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consisting of a prolonged initial fast with subsequent strict regulation 
of all elements of the diet, has proved successful in clearing up both 
the urinary and the clinical symptoms in a considerable number of 
cases, even of very severe diabetes. The underlying principles will be 
discussed more fully elsewhere, but one feature considered theoretically 
important for the beneficial results has consisted in a diminution in 
the metabolism, not merely of the sugar-forming materials (carbohy- 


drate and protein) but also of fat. The question of diminution of 


metabolism could be settled only by experiments in the respiration 
calorimeter. 

2. The first dextrose-nitrogen ratio was established by Minkowski, 
who discovered that totally depancreatized dogs, fasting or on carbo- 
hydrate-free diet, excreted in the urine approximately 2.8 gm. of 
glucose for each gram of nitrogen. A constant ratio at this level indi- 
cates that 45 per cent. of the protein catabolized is being formed into 
glucose and excreted, and that no sugar is being formed from fat. The 
original interpretation was furthermore that 45 per cent. represents 
the maximum proportion of protein convertible into sugar. Lusk'’ 
and collaborators demonstrated that phlorhizinized dogs eliminate 
approximately 3.65 gm. of glucose for each gram of nitrogen, thus 
proving that at least some species of animals are capable of converting 
Also, there 


nearly 60 per cent. of the protein molecule into glucose. 
Mandel and 


is no formation of sugar from fat under these conditions. 
Lusk'' demonstrated the 3.65 ratio in a human patient with severe 
diabetes. They urged the prognostic value of determinations of the 
relations of sugar and nitrogen on carbohydrate-free diet ; and because 
the total loss of power to use carbohydrate indicated by the 3.65 ratio 
supposedly precluded improvement, they referred to this as the “fatal 


ratio.” Foster and Greenwald” also described cases showing this ratio. 


For other literature, reference may be made to Lusk.** Inasmuch as the 
case described by Allard showed a fall in the ratio on fast-days, Lusk 
considered it no longer certain that the 3.65 ratio is necessarily per- 
manent or fatal. 


10. Lusk, G.: Phlorhizinglukosurie, Ergebnisse der Physiologie, 1912, xii, 315. 
11. Mandel, A. R., and Lusk, G.: Stoffwechselbeobachtungen an einem Falle 
von Diabetes mellitus, mit besonderer Beriicksichtigung der Prognose, Deutsch. 
Arch, f. klin. Med., 1904, Ixxxi, 472; Diabetes Mellitus. Report on a Case, 
Including a New Method of Prognosis, Jour. Am. Med. Assn., July 23, 1904, 


p. 241. 
12. Foster, N. B.: Wie hoch ist der Dextrose: Stickstoff-Quotient bei 
schwerstem Diabetes? Deutsch. Arch. f. klin. Med., 1913, cx, 501; Greenwald, I.: 
Jour. Biol Chem., 1913-14, xvi, 375; and 1914, xviii, 115. 
13. Lusk, G.: Metabolism in Diabetes, THe Arcuives Int. Mep., 1909, iii, v; 
Note on “A Case of Pancreatic Diabetes Mellitus,” by Herman O. Mosenthal, 
Tue Arcnives Int. Mep., 1912, x, 122. Allard: Arch. f. exper. Path. u. Phar., 


1907, Ivii, 1. 
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3. The level of the respiratory quotient theoretically to be expected 
in diabetes has been discussed by Magnus-Levy** and by Lusk." ** 
On the basis of the newer information concerning the amino-acid con- 
tent of proteins, the latter calculates that when the dextrose-nitrogen 
ratio is 3.65, the quotient of protein is 0.632. The formation and 
excretion of acetone bodies also tends to lower the quotient in a manner 
which can be calculated ; but at the same time such acid substances may 
react with sodium bicarbonate to set free carbon dioxid, so that the 
precise theoretical value of the quotient in diabetes cannot be deter- 
mined. The actual observations in phlorhizinized dogs and human 
patients with the 3.65 ratio are found to meet the theoretical expecta- 
tions with quotients approximating 0.69. Two features of the recent 
literature concerning the respiratory quotient require mention in the 
present connection. One is the absence, in exact modern work, of the 
very low quotients previously found in diabetes and other conditions. 
Leimdorfer™ is the only recent author who reports such low quotients ; 
and as they are so numerous in his experiments, while his cases of 
diabetes were obviously of no extraordinary severity, it is apparent 
that something in his methods tended to give low values. Grafe and 
Wolf,*? though reporting dextrose-nitrogen ratios indicating formation 
of sugar from fat, found no support for this hypothesis in the respira- 
tory quotient, which was about 0.74. Technical errors, especially in 
connection with the oxygen measurements (Benedict'*), may be 
assumed to explain the low values in the early literature. The average 
quotient of Benedict and Joslin’s severe cases of diabetes was 0.73; 
and Joslin® presents a table of the other cases in the literature, showing 
the general average to be 0.73. Respiration experiments therefore 
stand opposed to the doctrine of sugar-formation from fat in human 





14. Magnus-Levy, A.: Respirationsversuche an diabetischen Menschen, Ztschr. 
f. klin. Med., 1905, Ivi, 83. 

15. Lusk, G.: Clinical Calorimetry, Paper Eight. On the Diabetic Respiratory 
Quotient, THe Arcuives Int. Mep., 1915, xv, 939. 

16. Williams, H. B., Riche, J. A., and Lusk, G.: Animal Calorimetry II. The 
Metabolism of the Dog Following the Ingestion of Meat in Large Quantities, 
Jour. Biol. Chem., 1912, xii, 349, 356. 

17. Leimdérfer, A.: Ueber den respiratorischen Stoffwechsel des Diabetikers 
bei verschiedener Kostform, Biochem. Ztschr., 1912, xl, 326. 

18. Benedict, F. G.: A Comparison of the Direct and Indirect Determination 
of Oxygen Consumed by Man, Am. Jour. Physiol., 1910, xxvi, 15; Factors 
Affecting Basal Metabolism, Jour. Biol. Chem., 1915, xx, 263; Metabolism 
During Inanition, Harvey Lectures, 1906-07. 

Benedict, F. G., and Emmes, L. E.: The Basal Gaseous Metabolism in Men and 
Women, Jour. Biol. Chem., 1914, xviii, 139; A Comparison of the Basal 
Metabolism of Normal Men and Women., Proc. Nat. Acad. Sc., 1915, i, 
104; A Comparison of the Basal Metabolism of Normal Men and Women, 
Jour. Biol. Chem., 1915, xx, 253; Benedict, F. G., and Smith, H. M.: The 
Metabolism of Athletes as Compared with Normal Individuals of Similar 
Height and Weight, Jour. Biol. Chem., 1915, xx, 243. 
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diabetes. The second feature to be mentioned consists in the unex- 
pectedly high quotients shown by some cases of severe diabetes, as 
observed independently by Benedict and Joslin and by observers in the 
Russell Sage laboratory. Table 5 in the paper by Joslin’® contains the 
record of a patient with severe diabetes, fasting except for from 2 
to 5 gm. protein and from 15 to 24 gm. alcohol daily, yet with respira- 
tory quotient of from 0.74 to 0.76. Joslin’® mentions other observations 
of a rise in the respiratory quotient of severely diabetic patients during 
fasting, even up to the neighborhood of 0.8. The cause of such high 
quotients is not known. Nothing analogous has been described in the 
study by Benedict®® and earlier workers of cases of prolonged fasting ; 
they found that in normal persons the quotient falls and remains low 
during fasting. Aside from the presumably scanty supply of stored 
carbohydrate, Joslin has suggested the acetone bodies as the only 
known material capable of raising the quotients of diabetic patients 
by combustion under these conditions. 

4. The total metabolism in diabetes has been an actively discussed 
subject. The earlier literature is critically reviewed by Benedict and 
Joslin.* It has been universally agreed that the basal metabolism of 
mild cases of diabetes is normal, and that of most severe cases is found 
increased when reckoned per kilogram of body weight. But in addition 
to accuracy in measuring the gas exchange and heat production, there 
is the further requirement of an accurate basis of comparison between 
diabetics and other persons. Magnus-Levy" called attention to the fact 
that the emaciation of most patients with severe diabetes alters the 
relation of their body weight and surface, and suggested that it might 
be more nearly correct to compare on the basis of the original normal 
weight of the diabetics. Benedict and Joslin rejected this proposal, 
because the surface of the diabetic apparently diminishes with the 
body mass and the skin shows no tendency to fall in folds or wrinkles. 
They chose, as the most accurate means available, to compare 
groups of patients with severe diabetes with groups of normal and 
mildly diabetic persons, as nearly like them as possible in size and 
figure. On this basis they estimated that their severely diabetic 
patients showed an increase of from 6 to 7 per cent. in carbon dioxid 
excretion, of from 16 to 21 per cent. in oxygen consumption, and of 
about 15 per cent. in heat production. Lusk*' criticized the findings in 
various particulars, and by recalculation concluded that the metabolism 


19. Joslin, E. P.: Present-Day Treatment and Prognosis in Diabetes, Am. 
Jour. Med. Sc., 1915, cl, 485. 

20. Benedict, F. G.: The Influence of Inanition on Metabolism, Carnegie 
Institution of Washington, 1907. A Study of Prolonged Fasting, Carnegie 
Institution of Washington, Pub. No. 203, 1915. 

21. Lusk, G.: Science, 1911, N. S., xxxiii, 433-434. 
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represented was not 15 per cent. but only 5 per cent. above normal. 
Benedict and Joslin‘ in their second publication added to the number 
of diabetics and especially of control subjects studied, and reckoned 
that the basal metabolism in this group of diabetics was approximately 
20 per cent. above normal. Lusk** calculated that an increase of from 
5 to 10 per cent., and in exceptional instances 15 per cent., above normal 
was shown. Leimddérfer'? found an increase of metabolism in severe 
cases of diabetes on the basis both of the weight and of the body sur- 
face as figured by Meeh’s** formula. Diminution of metabolism 
observed after oat or vegetable days was held to confirm this interpre- 
tation. Rolly’ found in severe diabetes an increased oxygen consump- 
tion per kilogram of body weight, especially soon after admission to 
hospital ; after a period of treatment the findings were lower. Seib** also 
reported the respiratory metabolism increased in proportion to the 
severity of the case. In Paper 10 of the present series is described the 
height-weight formula for calculating the body surface, which has been 
found more accurate and reliable for this purpose than the Meeh 
formula, especially when the body form varies in any way from the 
average normal. It is possible by this formula to recalculate any results 
recorded in the literature, wherever the height and weight of the sub- 
ject have been given. It is believed that the second of the requirements 
mentioned is thus fulfilled, and that, granting accurate experimental 
observations, a correct basis of comparison is afforded between diabetic 
and other subjects in a manner not possible heretofore. 

The causes of the departure of the diabetic basal metabolism from 
the normal are partly known, perhaps partly unknown. It may be taken 
as an axiom that the diabetic, excreting sugar formed from protein, 
must catabolize more protein during fasting than the nondiabetic person 
under identical conditions, and that the specific dynamic action of pro- 
tein will therefore give rise to a higher metabolism in the diabetic, 
unless some other factor prevents or neutralizes the effect of the pro- 
tein. The suggestion was offered by Benedict and Joslin that acidosis 
inay be a cause of increased metabolism. They observed the discrepant 
fact that a sudden slight acidosis is accompanied by an increase of 
metabolism out of proportion to that noted with prolonged high 
acidosis. At the present time the subject of acidosis is a confused one; 


I 


22. Lusk, G.: Animal Calorimetry XI. An Investigation into the Cause o 
the Specific Dynamic Action of the Foodstuffs, Jour. Biol. Chem., 1915, xx, 555. 

23. Meeh, K.: Oberflachenmessungen des menschenlichen Korpers, Ztschr. f. 
Biol., 1879, XV, 425. 

24. Seib, K.: Experimentelle Untersuchungen iiber den respiratorischen Gas- 
wechsel bei Diabetes mellitus nach Eiweisszufuhr und bei Hyperthermie, 
Zentralbl. f. Physiol., 1913-14, xxvii, 930. 
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it can no longer be regarded as a simple condition resulting from lack 
of carbohydrate. Greater clearness concerning the effect upon 
metabolism may now result from separate consideration of individual 
i factors present. First, some or all cases of sudden acidosis are accom- 
f panied by increased protein breakdown, which may be a cause of 
increased metabolism. Second, if acidosis in the strict sense increases 








metabolism, not only should subjects with high acidosis show higher 
metabolism than those with low acidosis, but also alkali given in suf- 













+ ficient quantity should in suitable cases cause a fall in metabolism. 
i Third, it is possible that acetone bodies, even in the form of neutral 
Ms salts, may stimulate metabolism if present in excess in the blood and 
29 tissues. Here the suggestion is analogous to that of Lusk*®® that dia- 
i betic lipemia may be a cause of increased metabolism. Increased con- 
ty centration of combustible materials may be expected to result in a 
A stimulation of metabolism, unless the power of combustion is dimin- 
i ished, or the specific dynamic action otherwise prevented. At the same 
d time, the narcotic and depressant action of the acetone bodies might 
4 conceivably tend to depress metabolism, especially in the long-standing 
a cases with high ketonemia. Other influences unquestionably tend to 






; depress metabolism in such cases, as for example undernutrition and 
} muscular relaxation. The effect of muscular mass and tone is evident 
, in the higher metabolism of men as compared with women, and of 
: athletes as compared with other men (Benedict'* and collaborators) ; 
i and Lusk** has shown that mere prolonged cage life may reduce a dog’s 
; basal metabolism by 16 per cent., though the diet and weight remain 









a the same. The subject will be further considered below. 
q An account of the metabolism in a case of diabetes of remarkable 
intensity was recently published by Geyelin and DuBois.** To facilitate 





reference, some of the findings in this case are briefly reproduced 


in Table 1. 







METHODS AND CALCULATIONS 











The procedures used for the chemical determinations were as fol- 
lows: for the blood-sugar, the method of Lewis and Benedict ;*" for the 
urinary sugar, titration with Benedict’s solution; for nitrogen, the 
usual Kjeldahl method; for ammonia, the Folin method; for acetone 
bodies, the Shaffer method. Foods were weighed raw and the composi- 
tion estimated from the Atwater-Benedict tables, unless special mention 
For separating the twenty-four-hour urines, 














is made of analyses. 






25. Lusk, G.: The Influence of Food on Metabolism, Proc. Am. Soc. Biol. 
Chem., December, 1914; Jour. Biol. Chem., 1915, xx, 8. 









; 26. Geyelin, H. R., and Du Bois, E. F.: Jour. Am. Med. Assn., 1916, Ixvi, 
» No. 20, 1532. 
} ef 27. Lewis, R. C., and Benedict, S. R.: A Method for the Estimation of Sugar 


in Small Quantities of Blood, Jour. Biol. Chem., 1915, xx, 61. 
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patients emptied the bladder at precisely 5 a. m. daily, and care was 
taken that no urine was lost under any conditions. The entire planning 
and organization of the ward was for the purpose of exact metabolic 
studies, and accuracy in matters of dietary control, collection of excreta 
and other details is fully assured. 

At the time of the diabetes experiments the calorimeter was in per- 
fect working order and the staff was well trained. Alcohol checks 
lasting two or three hours gave respiratory quotients in which even the 
third decimal place was not far from the theoretical. In experiments 
on man it has never before been felt advisable in this laboratory to 
print more than two significant figures in the respiratory quotients, but 
it has seemed justifiable to use three in the present work, both on 
account of the extreme care in the experiments and of the importance 
of the third decimal point in some of the calculations. In no case are 
deductions made from single hours but only from the averages of 
periods as long as possible. 

The calculations concerning the metabolism where there was sugar 
formation from protein followed the method described by Lusk.’® In 
the normal metabolism each gram of nitrogen in the urine indicates 
the combustion of 6.25 gm. protein with the liberation from this protein 
of 26.51 calories, 9.35 gm. carbon dioxid and the absorption of 8.45 
gm. oxygen. It is obvious that if part of this protein molecule is unoxi- 
dized in the diabetic organism and is excreted in the urine, all of these 
figures will be lowered by exactly the number of calories and grams of 
carbon dioxid and oxygen lost in the glucose. With a dextrose-nitrogen 
ratio of 3.65 to 1, 1 gram of nitrogen in the urine indicates the combus- 
tion of 6.25 gm. protein with the liberation of 26.51 minus 13.47 calories, 
9.35 minus 5.35 gm. carbon dioxid, and the absorption of 8.45 minus 
3.89 gm. oxygen. When the dextrose-nitrogen ratio is lower, the cal- 
culation is easily made as follows: The calories, carbon dioxid and 
oxygen ascribed to the metabolism of protein are calculated from the 
number of grams of nitrogen excreted per hour by using the normal 
factors given by Lusk.** Knowing the number of grams of glucose 
excreted per hour, one can make the proper subtractions, since each 
gram of glucose represents a loss of 3.692 calories, 1.467 gm. carbon 
dioxid and 1.067 gm. oxygen. In this way it is possible to determine 
the nonprotein respiratory quotient and the heat production by the 
method of indirect calorimetry. If there is no glycosuria, or if the 
sugar of the urine is all derived from ingested carbohydrate, the calcu- 
lations are exactly the same as for normal persons. No attempt has 
been made to calculate the combustion of the acetone bodies or the 
ingested alcohol, the conditions of experimentation rendering this 


impossible. 
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For reasons fully stated in previous papers, the method of indirect 
calorimetry is used as the standard, and the divergence of the direct 
calorimetry from this is expressed in terms of percentage. In typhoid 
fever, exophthalmic goiter, anemia and cardiorenal disease there is a 
tendency for the direct calorimetry to average from 2 to 3 per cent 
lower, probably on account of heat lost through the warming of the bed 
and clothing, possibly also because of errors in measuring the average 
temperature of the body. This same tendency to a small minus error 
is seen in most of the diabetes experiments. The total divergence of 
the two methods in the present work is 2.3 per cent., and the average 
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Fig. 1 (Gerald S.).—Clinical findings shown graphically. The columns at 
the base represent the calories of the food; vertical lines, carbohydrate; crossed 
lines, protein; diagonal lines, alcohol; blank space, fat calories. 


divergence in individual experiments is plus or minus 5.5 per cent 
Che agreement of the two methods is therefore satisfactory, and would 
be still closer but for the peculiar divergence of the findings in the 
case of Gerald S. on the last day of the prolonged fast and during the 
following two weeks. This point is discussed in the history of his case, 
which follows 
CASE REPORTS 
Case 1.—Gerald S. (severe diabetes), plumber, aged 17, unmarried. Healthy 


family and past life, habits good, normal weight 60 kg. Polyuria and polydipsia 
were noticed January, 1914. Entered Bellevue Hospital June, 1914, weighing 
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47 kg. After twenty-five days he was discharged weighing 57 kg. Glycosuria 
was said to have been 10 per cent. on admission, 5 per cent. on discharge. A 
dose of salts taken October 24 left him very weak, and thereafter he lost weight 
and strength rapidly. He was admitted to Rockefeller Hospital Nov. 7, 1914. 
Height 172 cm., weight 41.6 kg., extremely weak. Heart, lungs and abdomen 
negative; blood-pressure 85 systolic, 75 diastolic; clinical picture of acidosis, 
with drowsiness and increased respiration threatening coma. His diet containing 
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Fig. 2 (Gerald S.).—Laboratory findings shown graphically. 


carbohydrate was continued, and he was transferred next day to the Russell 
Sage metabolism ward at Bellevue Hospital, where he remained until the close 
of the metabolism experiments, then returned to the Rockefeller Hospital. 

The diet shown in Table 2 was all he could eat on November 8 to 10 inclusive. 
At 6 a. m. on November 11 he received 50 c.c. cream, then developed nausea 
without vomiting. Fasting was begun at this time because of the complete 
repugnance to food and the dangerously threatening coma symptoms. No bicar- 
bonate was given except 10 gm. on November 11. The fast lasted eight days, 
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and the condition cleared up, as shown in the table. Alcohol was given in the 
form of whisky during the fast, in quantities just short of producing any dis- 
comfort or intoxication symptoms. Notwithstanding the extreme initial weak- 
ness, the clinical condition perceptibly improved during the fast. The first food 
added to the alcohol after the fast was protein—eggs at first, later meat. More 
protein and fat were gradually added, until the unduly high diet of over fifty 
calories per kilogram of weight was reached. Bulk was contributed to the diet 
by the use of from 750 to 1,000 gm. of thrice-boiled vegetables daily, some 
samples of which were analyzed for carbohydrate. The rapid gain in weight 
shortly after the fast was due to the water retention common in such patients. 
Improvement continued in subsequent treatment. The carbohydrate tolerance 
remained low, but the patient became able to exercise freely, and he and his 
parents considered him fit for work. For this reason he refused to be further 
controlled, and was dismissed from the hospital and from all further supervision, 
with due warning of the consequences. The discharge was on Feb. 8, 1915, the 
diet at that time being about 1,400 calories, with no glycosuria or ketonuria, and 
the body weight 44 kg. He progressed rapidly downward and died March 9, 1915. 

Case 2.—William G. (severe diabetes), printer, age 29, married. Family, 
personal history and habits negative. Figure thin; normal weight from 66 to 
69 kg. Thirst and dry mouth noticed in June, 1913. Progress was steadily 
downward in spite of treatment. Entered Presbyterian Hospital July 25, 1914. 
His condition there was dangerous on carbohydrate-free diet and worse when 
it was attempted to add carbohydrate. The dextrose-nitrogen ratio was found 
to be about 3. He was transferred to Rockefeller Hospital on July 28. Height 
179 cm., weight 50 kg. Physical examination negative. Table 3 contains part 
of the laboratory data for this period. Carbodydrate of food was determined 
only by calculation. Other food values for the first two days are calculated. 
After that, nitrogen and fat were analyzed in food and feces. 


Thus the emaciated patient, spending most of the twenty-four hours 
in bed and the rest of each day sitting limply in a chair, was unable to 
maintain his body weight even on utilizable calories in excess of the 
needs of a normal person of equal weight. The excess of fat failed to 
prevent nitrogen loss. Yet high protein feeding is known to aggravate 
diabetes, even though temporary nitrogen equilibrium is attained. This 
is the old dilemma. As soon as the appetite partly failed, on August 1, 
the nitrogen deficit became large. Fasting had to be inaugurated on 
August 2 because of symptoms of beginning coma. Along with the 
fall in glycosuria, within two days the level of nitrogen excretion char- 
acteristic of advanced inanition was attained. Feeding with green 
vegetables was commenced August 7. Gradual increase of vegetables 
up to August 12 showed a carbohydrate tolerance of 38.5 gm. Other 
food was then given, and there seemed to be satisfactory improvement, 


with glycosuria and ketonuria absent as usual. The case then differed 


from others in that a gradual loss of tolerance manifested itself ; diag- 
nosis was impossible for several months, but the apparent explanation 
of the trouble was at length found in pulmonary tuberculosis. Vain 
attempts were made several times to increase strength by high feeding 
with disregard of glycosuria. In January, 1915, with no sign of tuber- 
culosis, the patient spent some time in the Russell Sage metabolism 
ward for investigation before and after such a period of high diet 
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(Table 4). He was subjectively and objectively so much better 
when kept free from glycosuria and ketonuria, that this was done 
nearly constantly until March 11, 1915. Then the course of the tuber- 
culosis was becoming very rapid. Death occurred from diabetes and 
bronchopneumonic tuberculosis on March 22, 1915. 


Case 3.—Joseph U. (severe diabetes), manufacturer, aged 44, married. His 
family, personal history and habits were negative. Normal weight 75 kg. In 
1907, loss of weight, and medical diagnosis of diabetes. At first kept free 
from glycosuria occasionally by treatment, but it has been continuous for the 
past three or four years. Emaciation and weakness have been the principal 
symptoms. Patient was bedridden for the six weeks preceding admission to 
hospital. He was brought on a cot from his home in Indiana and entered 
Rockefeller Hospital Nov. 28, 1914. Height 179 cm., weight 44.2 kg. Physical 
examination was negative, except for emaciation and a yellow tinge like per- 
nicious anemia, which diagnosis was excluded by blood examination. Blood 
pressure not certain. On January 18, when he appeared much stronger and 
was beginning to sit up a little, systolic blood pressure was 76, diastolic 60. 
Glycosuria and ketonuria heavy. Ammonia nitrogen 2.5 gm on November 
28-29, 2.78 gm. on November 29-30. No symptoms of acidosis. 

Treatment was conducted by Dr. Stillman. The patient fasted November 
30 to December 7, inclusive, receiving 70 c.c. whisky daily, and on December 7 
receiving also 500 gm. thrice-boiled vegetables. Eggs and butter were added 
gradually until on December 10 the diet contained 52 gm. protein, 95 gm. fat, 
100 c.c. whisky, and 500 gm. thrice-boiled vegetables. On this day a glycosuria 
of 9.5 gm. appeared. The strength and well-being had improved from the 
outset; but though ketonuria had diminished, it had never cleared up satis- 
factorily. The carbohydrate tolerance was literally nothing. Details will be 
published elsewhere. Briefly, it was necessary to keep him on a diet of about 
700 calories daily, about half of which was alcohol, until February 3. He was 
warm and quiet in bed except for short daily periods. The weight on Febru- 
ary 3 was 40.3 kg., and strength continued to improve. It was toward the 
close of this prolonged undernutrition that the calorimeter tests were made, 
on January 31 and February 1. It then became possible to increase the diet 
somewhat, but fast-days were still used frequently. The ferric chlorid reaction 
slowly diminished to traces, but did not become regularly negative until the 
latter part of May. The patient was discharged June 28, 1915, at precisely his 
initial weight, namely, 44.2 kg., with urine normal on a diet of 80 gm. protein, 
15 gm. carbohydrate and 1,950 calories. He has since conducted his business. 
Carelessness with his diet brought back glycosuria and required his return to 
the hospital on Oct. 17, 1915; but the condition was much more favorable 
than before and the tolerance higher on discharge from the hospital this time 
(Jan. 18, 1916) than on the previous occasion. 

Case 4.—Edward M. (moderately severe diabetes), customs inspector, aged 
34, married. His family, personal history and habits were negative, except for 
chronic indigestion and constipation since the age of 22. Normal weight 80 kg. 
In July, 1913, occurred sudden attack of dizziness, colic, vomiting and diarrhea, 
with fever for one day. From that time on he was constantly thirsty and lost 
weight and strength. Diabetes diagnosed in September. Under inefficient 
treatment he was sugar-free for only two periods of one week each. Entered 
Rockefeller Hospital July 15, 1914. Weight 60.4 kg. Highly neurasthenic, 
but no serious emaciation or acidosis. Physical examination negative except 
for sallow color and enlarged liver. On restricted diet there was marked 
ketonuria and a negative carbohydrate balance of about 12 gm. Four days of 
fasting from July 18 to 21, inclusive, were required to stop glycosuria. Feed- 


ing was begun on July 23, with vegetables containing 12.2 gm. carbohydrate 
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TABLE 5.—Feutx K.: Crirnicat Data—(Continued) 














| | Carbo., Glucose,| N in Nin | Body Urine | 
Date Total Fat, | Gm. in | Gm. in Food, Urine, | Weight, | Volume, Remarks 
Calories) Gm. Food Urine Gm. Gm Kg | @e. 
a Sn oo -—— 2 } cidenenintiteanaetangiaate 
2/21/14 | 3,347 | 1712 | 50.5 5.88 15.0 | 11.10 | 5889 | 1,310 | 
2/22/14 | 3,396 173.9 | 61.2 | Traces} 15.7 | 10.70 | ..... | 1,400 | 
eyes | 3,320 | 176.7 | 60.4 | Traces| 16.0 | 11.54 | 50.02 | 1,700 | 
2jeujia | 3,318 | 1748 | 38.6 | Traces} 147 | 11.45 | 50.17 | 1,405 | Brend every 
| | | two hours 
2/25/14 | 3,460 | 181.3 58.3 | Traces 16.0 | 12.10 —_ 1,080 
2/26/14 920 76.6 | 20.6 0 48 | 9.00 | 58.00 | 1,110 
2/27/14 3,622 | 174.8 12.1 0 14.6 | 15.08 1,480 | 
eyesyia | 3,254 | 1818 | 184 0 15.9 | 12.78 | 59.00 | 1,300 | 
3/1/14 | 3,406 | 2184 | 38.2 0 4.4 | 15.08 1,900 | 
3/ 2/14 | 3,341 | 177.6 | 39.6 0 15.6 | 15.00 | 50.16 | 2,120 
3/ 3/14 | 3,396 | 377.7 | sa. 0 15.6 | 13.79 | 58.87 | 1,540 
3/ 4/14 | 3,875 | 177.6 47.2 0 15.8 | 12.72 59.51 1,400 | 
3/ 5/14 | 3,400 | 1784 50.3 0 16.0 | 12.89 | 60.08 | 1,540 
3/ 6/14 | 3,486 | 65.0 165 | 1200 | coor | 1.00 
3/18/14 | 3,360 | 58.5 5.75 152 | 15.20 | 50.52 | 1,650 | Oatmeal every 
| | two hours 
3/14/14 03 | 734 | 28 0 5.0 | 10.87 50.37 1,400 | Green day 
3/15/14 927 7.1 | 208 0 48 | 5.77 | 59.22 | 870 | Greenday 
s/i6/ia | 2,007 | 112.0 | 178.0 | 24.99 91 | 1031 | ..... | 1,580 | Bread day 
s/i7/14 | 2013 | 126 | 178.0 | 27.08 92 | 885 | 5881 | 1,390 | Bread day 
3/18/14 | 2,057 | 116.0 178.0 37.38 9.6 8.34 sane 1,786 Bread day 
s/i9/ls | 942 78.1 | 20.8 0 5.0 | 648 | 58.42 930 | Green day 
3/20/14 946 | 78.7 212] © 48 | 7.88 | ..... | 1,877 | Green day 
3/21/14 | 3,388 | 173.1 61.4 0 15.6 | 11.98 2,130 
saya | 3,350 | 1734 | sas | 1586 | 149 | 100 | ..... | 1,250 
s/23/a | 3,166 | 1905 | 06.7 | Trace | 15.0 | 11.04 | ... 1,820 


The vegetables were increased until on July 30 he was taking 70.5 gm. carbo- 
hydrate, without glycosuria. Protein and fat were then slowly added, and an 
adequate diet attained without difficulty. Patient is a gourmand, and in Sep- 
tember he was allowed to bring back his old symptoms by excess of fat in the 
diet, as an object-lesson. Two days’ fasting stopped this glycosuria and suit- 
able diet was resumed. In the latter part of October the average daily diet 
was approximately 114 gm. protein, 120 gm. carbohydrate, and from 2,600 to 
2,900 calories. Calorimeter experiments were performed on October 30 and 31 
and November 5. Patient was discharged on Nov. 9, 1915, weighing 61.2 kg. 
He has done his usual work since, with only an occasional temporary glycosuria 
after eating too much. 

Case 5.—Felix K. (mild diabetes), clerk, 47 years old, born in Ireland. As 
a young man the patient had pneumonia, urethritis, and about four years ago 
an attack of malaria. He was a heavy drinker of beer and whisky up to 
five months ago. Lately he has taken but little alcohol. About one year ago 
he first noticed a loss of weight, with polyuria and weakness. Since then he 
has lost from 40 to 50 pounds. On admission to Bellevue, Oct. 28, 1913, he 
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was so weak that he could hardly walk upstairs. He is an emaciated man 
of medium stature. The lungs are emphysematous. There is slight exoph- 
thalmos, but no enlargement of the thyroid gland. Wassermann reaction + +; 
hemoglobin 98 per cent.; leukocytes 9,500; blood pressure: systolic 110, diastolic 
75. His urine contained 61 gm. of glucose, 2.14 gm. ammonia, and small amounts 
of betaoxybutyric acid. The patient was in the general ward and it was diffi- 
cult to control his diet. He was discharged on November 25, and on Janu- 
ary 13 was readmitted, this time to the metabolism ward. Weight January 16, 
56.5 kg. On a restricted diet his carbohydrate tolerance improved and his 
weight and strength increased rapidly (see Table 5). He was discharged March 
24, 1914, in excellent condition. Since then he has reported from time to time, 
feeling perfectly well and strong, but showing sugar in the urine when he 
departs from his diet. 

Case 6.—John O’C. (mild diabetes, morphinism), clerk, aged 32. His father 
was an alcoholic. At the age of 15 the patient had typhoid, and he has suf- 
fered from “pleurisy” eight times in the past few years. At the age of 16 
he began to smoke opium, later taking to hypodermic injections of the drug, 


and one year ago he added cocain in increasing doses. Before admission he 
was taking 80 grains of cocain and 22 of morphin a day. This is his first 


attempt at breaking the habit. About two years ago he noticed polyuria and 
polydipsia and his doctor found sugar in the urine. He did not follow treatment 
and lost weight rapidly. He was very constipated, and so weak that he couid 
hardly walk. Admitted to Bellevue Hospital March 13, weight March 24, 
31.3 kg., height 163 cm. He was found to be nothing but skin and bones, tooth- 
less, with bent figure and ratlike, pathetic face. His whole body was covered 
with abscesses and scars of infections from hypodermic injections. There was 


a small ulcer on the sole of each foot. His pulse was very small, the beat 
normal, his tongue fissured, glassy and moderately red. 

On a restricted diet the patient improved slowly and the glycosuria and 
acidosis cleared up (Table 6). He grew stronger but it was almost impossible 
to increase his weight without causing glycosuria. It was necessary to give 
him a grain of morphin every four hours. His systolic blood pressure varied 
between 104 and 125. On May 1, 1915, he was discharged and sent to a sani- 
tarium, where he stayed a short time, then went back to his old habits and 
died a few months later. 


SUMMARY AND COMMENT 

1. The Oatmeal Treatment.—The mildly diabetic patient, Felix K., 
on a regulated diet containing about 60 gm. carbohydrate daily, showed 
a constantly positive carbohydrate balance and maintained his weight 
and well-being. February 10 and 11 were “green” days. Then from 
February 12 to 14, inclusive, 200 gm. oatmeal were given daily in the 
usual manner ; then followed, Februry 15 to 16, two more “green” days. 
For comparison, beginning March 14, the same program was instituted, 
using bread instead of oatmeal, namely, first two “green” days, then 
March 16 to 18, inclusive, 265 gm. bread daily, equivalent in carbo- 
hydrate to the previous oatmeal, with fat, protein and calories also cor- 
responding to the oatmeal period; then March 19 and 20 two more 
“green” days. Comparison was also made in a different manner, as 
follows: On February 24 he was given 18 gm. bread and 9 gm. butter 
every two hours, and on March 13 was given the equivalent carbo- 
hydrate in the form of 13.6 gm. oatmeal with 9 gm. butter every two 
hours. 








Date 


March 24-25 
March 25-26 
March 26-27 
March 27-28 
March 28-29 
March 29-30 
March 30-31 
March 31-April 1 
April 1-2 
April 2-3 
April 3- 4 
April 
April 5-6 
April 6-7 
April 
April 8-9 
Apri! 9-10 


April 10-11 


April 11-12 
April 12-13 
April 13-14 
April 14-15 
April 15-16 
Auril 16-17 
April 17-18 
April 18-19 
April 19-20 
April 20-21 
April 21-22 
April 22-23 
April 23-24 
April 24-25 


April 25-26 


April 
April 27-28 
April 
April 29-30 
April 30-May 1 





Total 


Calorie 





737 
1,652 
1,674 


1,652 


Protein, 
. Gm. 


TABLE 6.—JoHn O'( 


Food 


Fat, 
Gm 


164.3 


183.7 


90.6 


140.3 


Gm 


Carbo., Alcohol, 


Gm 
11.47 
22.94 
22.94 
2.94 
42.00 
45.90 
80.10 
» O4 
42.00 
45.90 
0.50 
2 94 
2° 94 
22.94 
22.94 
22.94 


Food 


N,G 











Ee 











CurntcAL Data 














Urine 
——— — —-— - —_— — Body 
Weight 
a Urine Excreta N Urine Urine Diacetic Urine Kg 
N, N, Balance, | Glucose, NHs, Acid Volume, 
ai i7m.$ Gm Gm. om CA 
l i 14.40 —3.92 78.1 eve cove 1,395 1.25 
12.72 | 14.02 —1.05 55.7 1.70 Small 1,130 31.94 
| amount 
2.16 
( ° 
i t 11.20 1.50 39.4 00 6l 
] 11.40 17 43.7 1.480 80 
2 11.23 +1.90 70.9 2.04 2,310 SS 
> 10.95 +6.11 3.3 1.80 - 000 33 6. 
10.54 91.04 2.06 40.6 2.18 1,550 14 
10.95 4 33.4 1.96 1,125 } 
. 
10.36 +0.97 23.6 | 1.06 + 920 32.89 
D 4 4 0.67 0 00 32.11 
6.81 7.38 —1.67 0 0.26 0 735 $2.69 
8.4 1.12 2.09 20.7 il 0 1,280 
6.44 7.19 +0. 40.6 0.41 5 34.81 
4.51 ».35 2.17 29.7 0.75 0 ,000 $2.71 
H 6.68 47 Heavy 0.57 0 1,490 $2.26 
t trace 
j 7.36 1.00 0 0.61 0 2,670 $2.52 
7.31 2.09 —), 39 0 0.39 esee 1,620 $1.79 
6.22 7.36 + 4.05 0 0.49 0 1,400 
8.28 9.50 + 2.66 11.8 0.96 0 2,570 32.38 
\ 6.7 7.98 +4.45 7.2 0.82 Slight 1,440 $1.79 
| trace 
8.9 10.12 1.17 31.4 1.12 > 2,240 32.46 
6.01 —1.39 | 2.6 0.79 Trace 1,200 32.5: 
4 +1.25 Slight 0.76 Heavy 1,880 $2.12 
| trace irace 
4 | 5.5 —).09 2 500 
7 5.87 —0.91 1,925 2.0 
9 7.08 +1.54 0 0 1,820 1.61 
' » | 6.59 +1.34 1,840 > 
t | 6.18 1.60 0 0.51 0 1,040 32.52 
| 
6.35 | 7.50 44.78 0 0.47 0 000 39.95 
8 | 11.44 +-4.70 0 0.59 0 1.725 2.45 
18 | 10.26 ae 48 0 825 32.44 
6.37 | 6.64 3.95 0 — Very 600 
| heavy 
| trace 
11.43 13.01 +2.79 0 | 0.98 Heavy 960 31.04 
| trace 
9.30 9.71 —5.06 | 0 i 0.98 Slight 660 31.88 
| | trace 
53 | 9.34 —1.74 | 159 1.04 | Trace | 1,105 31.43 
| | 
| 
6.48 | 7.23 40.29 | 22 | La | 0 | 1,960 | 82.46 
| | 
6.39 | 7.15 +045 | 23.1 | 117 | o | 1,8% | 3245 


° hours + 24 hours. § Urine N + 10 per cent. of Food N. 











TABLE 7.—Data 


Subject, 

Date, rine ndivect, | ‘ 

Weight, End Carbon | Oxygen, . oat - 7 oo : Ln 

Surtace Period of Dioxid, Gm. Gm. Hour, | rimetry nated 
Area Period Gm. | ; Gm Cal. Cal. 
Linear | . _ 

Formula 


Gerald 5 Prelim 


, 1 
1.44 5q. 


Gerald 8.8. 
11/12/14 
40.15 Keg. 
1.41 Sq. M. 


Prelim 


1 


Gerald S$ Prelim 
11/16/14 
38.77 he 1 
1.40 Sq. M. 


Gerald 8 
11/1/14 
88.74 Keg 
1.40 Sq. M 


Gerald 8 
1 


4 


Gerald § Prelim 


Gerald 8 
11/24/14 
44.00 Ke 06 12 

1.46 Sq. M 

13.56 

13.22 

12.10 

| | 














& Calculations in summary based on total Oz and COs for * hours 


s 





ALORIMETER EXPERIMENTS 


Rectal Aver- | Work- 
Temp., | 
oC. | Pulse Cm. 
} 
| 


| 
Non- Per Cent. Calories 
age Adder, | protein Calories from per Hour 


R. Q Remarks 


Carbo Per Per Sq. M 
Fat hyd. Kg. Meeh | 


36.28 | ee ae rer . ee - Basal; D:N as 
sumed to be 1.53 
36.61 7 | 22 7 : 3) on basis of R.Q 
Very quiet 
36.85 
30.30 
Second day of 
fast; basal 
Asleep 0 min 
Asleep 40 min 
Asleep 30 min 
Fourth day 
fast; basal 
Asleep 
Asleep 
Asleep 45 min 
Basal 
Asleep 


Asleep 


Asleep 

Basal, asleep 

Drank 20c.c. whis 
ky at 1:08 p. m 
Asleep 40 min 

Asleep 55 min 

Asleep 55 min 

Whisky, 20 c.c. at 
11:08 a. m 

Dozed 

Dozed 

Dozed 

Restless 

Basal 

Asleep 30 1 

Awake 

Awake 

Basal 

Quiet 

Quiet 

702 | 15. 9.2 | Drank 1 drop of 


] 
| water 
| 50 2. 0.730 2 x ¢ 15.2 Quiet 





Q. assumed as 0.707 for calculations. 











TABLE 7.—Data or CALOoRIMETE: 








Subject, 








Date, | Urine N Indirect Heat 
Weight, ws End arbon Oxygen, R. Q Water, per Calo Elir 
Surface Period of _ | Dioxid, Gm. Gm Hour, | rimetry,| nate 

Area Period Gm. | Gm Cal Ca 
Linear 
Formula 

Gerald 8. .. ‘ Prelim. 11:15 
11/25/14 
44.04 Kg. 1 12:15 12.29 0.7 14.98 0.235 40.32 f 
1.46 Sq. M. 
2 1:15 13.21 12.40 0.775 15.14 0.235 40.96 | 
2:15 13.08 12.29 771 15.61 0.235 40.59 ss 
4 8:15 11.87 12.68 0.680 15.97 ).235 41.31 40.58 
Gerald S. ....... Prelim. 11:27 
11/30/14 
44.27 Keg. l 12:27 14.38 14.09 | 0.742 21.28 0.228 46.18 s 
1.47 Sq. M. 
2 1:27 14.07 13.45 0.7600 20.78 0.228 44.27 4 
3 7 14.80 14.1 0.7¢ 20.24 0.228 46. i 
4 3:27 14.36 14.27 0.73 20.30 0.228 46.67 4 
Gerald S. ...... Prelim 11:12 

12/2/14 | 
44.76 Kg 1 12:12 15.59 1 1 0.74 24.90 0.208 0.0) i 
417 Sq. M. 

2 1:12 13.27 12.57 0.768 22.51 0.208 41.48 42 
2:12 16.92 16.38 0.751 24.10 0.208 4.02 44 
4 3:12 14.97 13.99 0.779 23.39 0.208 46.31 44.54 
Gerald 8S. . Prelim 11:09 ome L éence 
12/4/14 
43.94 Ke l 12:00 15.81 14.79 0.778 19.79 0.204 48.99 41.38 
1.46 Sq. M 
1:0 | 16.43 19.61 0.204 0.91" 44 
| 
2:09 | 13.93 13.34 0.759 18.19 0.204 43.95 ‘ 
4 Ov | 14.85 14.58 0.748 18.78 0.204 47.68 45.98 
J 
Gerald 8 Prelim. 11:10 =| 
12/7/14 
2.58 Keg l 12:10 14.77 13.78 0.780 18.90 0.216 45.69 40.5 
1.45 Sq. M 
2 1:10 15.08 15.19 0.722 19.31 0.216 49.59 4 
2:10 13.93 13.15 0.770 18.21 0.216 43.48 44.5 
4 3:10 14.40 13.69 0.765 18.41 0.216 45.18 45.1 
William G. .. Prelim 11:20 | 
1/11/15 | 
43.28 Kg 1 12:20 | 13.39 12.62 0.772 16.14 0.170 41.83 4.04 
1.53 Sq. M. | | 
2 1:20 | 14.30 13.84 0.750 16.38 0.170 45.07 4 
3 2:20 | 13.74 14.26 0 .701 16.45 0.170 | 44660 47.1 
William G. .. -| Prelim ES a re | see 
1/15/15 | 
43.534 Kg 1 12:07 | 15.11 | 14.72 0.747 24.83 0.291 48.34 42.1 
1.54 Sq. M. | 
2 | 1:07 14.49 | 15.73 0.870 24.11 0.291 51.08 47.4 
2:07 14.21 14.66 0.705 24.30 0.291 47.56 4 
| 
William G. .. Prelim 11:12 | 
(22/15 
87.87 Kg 1 12:12 15.29 | 16.38 0.679 | 17. 0.382 | 58.06 49.18 
1.46 Sq. M | | 
2 1:12 14.80 15.66 0.688 | 17.32 0.382 50.69 48.06 
| ' 
3 2:12 | 15.46 15.87 | 0.708 | 18.36 0.382 51.42 51.88 





* Cale., from COz, R. Q. assumed 0.778. 





EXPERIMENTS—( Continued ) 


Direct | ‘ 
Calo- | Reetal Aver- Work- Non , Per Cent. | Calories 
rimetry | Temp., age Adder, | protein Calories from per Hour 
(Rectal Cc. Pulse Cm. R. Q ——__—____— —_ 
remp.), Pro- Carbo-| Per {Per Sq.M 
al Fat hyd. Kg. | Meeh 


Remarks 


Basal 
Dozed 
Dozed 
At 1:17 drank 
c.c. Whisky from 
tube 
Dozed 
Basal 
Quiet 
Quiet 
Drank 17! cA 
water atl 8 
{ p. m 
Quiet 
Basal 
Quiet 
Quiet 


Exercised 10 n 


Quiet 


Exercised 10 n 
Exercised 10 n 
Quiet 
Quiet 
Basal 
Quiet 
Quiet 
Quiet 
Quiet 
Basal 
Asleep 
Awake, quiet 
Awake, quiet 
Basal, D:N 3.81 ¢ 
Asleep 
Asleep 
Asleep 
Basal, D:N 3.12 
0.679 2 | 3 Dozed 
0.689 3 7 3 36.5 Quiet 


0.713 37.02 Quiet 





D:N assumed as 3.65 for calculations 
Q. assumed as 0.707 for calculations 














TABLE 7.—Data or CALorIMETE! 








Subject, 
Date | | | U : : 

- . . rine N Indirect | Heat 
ate Period — —_ | Oxygen, R. Q Water, | per Calo Elin 
Surface | Sersoc | S soxid, Gm Gm | Hour, rimetry, | nated 

Area Period Gm. j - | 7 
| | | Gm. Cal. Ca 
Linear | | | 
Formula 
Joseph U. . ee Prelim. 11:15 
2/1/15 | 
40.14 Keg. 1 2:15 | 156 | 11.45 0.734 18.41 0.188 37.45 42.00 
1.45 Sq. M. | | 
2 1:15 11.57 | 11.2¢ 0.747 17.79 0.188 36.99 42.18 
8s | 25 11.39 | 11.07 0.748 16.90 0.188 36.36 40.80 
| | 
Edward M. ...... Prelim. 11:15 | | 
10/30/14 
0.50 Kg. 1 12:15 20.58 18.19 08 25.35 0.391 60.77 é 
2 1:15 20.88 19.29 0.787 26.61 0.391 63.80 66.38 
Edward M. ...... Prelim. 11:33 | 
1/14 
Kg. l 12:33 21.62 19.38 0.791 Te 6 4 
2 1:33 21.04 20.01 0.7¢ 23.5 66 t 
3 2:33 22.64 20.27 0.812 24.87 67.89 r) 
Edward M Prelim 11:17 
11/5/14 
62.16 Kg 1 12:17 24.93 23.98 0.756 28.04 0.504 78.49 67.80 
2 1:17 25.27 24.50 0.748 28. 0.504 80 ¢ 
2:17 24.33 40 0.75 Ae 4 6.57 
Felix K. Prelim 1:15 | 
2/11/14 | 
7.56 Kg l 12:15 | 20.18 19.36 0.758 2.51 0.325 63.74 tit 
| 
2° 15 «||| (4.10 43.06 0.745 44.78 0.650 141.40 140 
Felix K. . Prelim 12:06 a ee 
2/12/14 
57.84 Kg. l 1:05 25.25 24.14 0.761 25.89 0.607 7 4 
' 
2:05 26.63 24.85 0.779 1.64 0.607 81.91 ss 
3:05 24.91 23.94 0.757 41.94 0.60 78.4 Al 
Felix K Prelim 11:08 ae «OF 
2/14/14 | 
57.80 Kg l 12:08 25.79 23.83 0.787 23.97 0.481 78.91 iw 
1:08 24.78 1 836 6.91 0.481 72.18 . 
2:08 24.58 1 ).828 27.60 0.481 724 SO.44 
Felix K. . Prelim 12:20 wean | 
24/14 
58.70 Kg I 1:20 22.67 | 21.4 0.769 18.70 0.362 70.96 5 
2 2:20 | 2.61 20.08 0.819 19.99 0.362 67.13 77.64 
20 22.89 ‘1.1 0.7 hd ).3t 70.27 7 
Felix K .-++| Prelim 11:02 
2/26/14 | 
58.57 Kg. 1 12:02 21.00 18.95 0.326 75.4 
2 1:02 | 21.76 20.52 0.771 20.88 | 0.826 67.66 76.4 
| ' 
3 2:02 21.64 19.60 0.3% 20.55 | 0.326 65.30 74 
| 
Felix K. . es Prelim 11:30 =| | 
3/13/14 | | | 
50.29 Kg | 1 12:50 | 21.60 | 20.44 | 0.768 21.60 | 0.789 66.62 740 
2 1:50 1.638 | 2.31 | O.774 | 20.94 0.789 | 66.29 | 72.% 
| | | } 
| 8 2:50 22.03 | 20.08 | 0.800 21.42 0.789 65.80 | 73.00 
| | 














EXPERIMENTS—( Continued ) 





Direct 
Calo Rectal 
rimetry Temp., 
Rectal ( 
femp.), 
Cal. 
36.56 
6.39 
‘ ~ 30.00 
f 16.05 
7.31 
7.16 
36.96 
6.7€ 
s.1 nee | 
64 36.92 
66.4 36.92 
36.94 
‘ 4 36.98 
-) 7.02 
5 7.01 
7.18 
4.4 6.84 
148.21 7.06 
37.53 
64.4 
Si 7.42 
s 7.28 
7.21 
70.91 7.12 
78.1 7.11 
80.50 7.17 
7.19 
7.06 
i 7.00 
7734 7A 
(.08 
7 7.02 
73.10 7.06 
74.45 7.07 
6.87 
6 ? 6.70 
72.95 6.71 
74.71 36.75 


| 
Aver 


age 
Pulse 


64 


ao | 


oy 


76 


7 
76 


Work- 
Adder, 


Cm. 


26.0 


Non 
protein 
-Q 


0.827 


0.734 


0.743 


0.736 


0.749 


S43 


0.833 


0.774 


S02 


0.751 


0.760 


0.798 





Per Cent. 
Calories from 


Pro- | Carbo-| 
tein | Fat hyd. 
13.3 82.6 4.1 
13.5 76.5 10.0 
13.7 76.3 10.0 
17.1 48.0 35.0 
16.3 70.2 21.1 
20.0 70.7 9.3 
19 6 ‘3 5 6.6 
270.6 | 70.2 ) 

| 

| 

| 
14 | 7 13 

| 
12 | 9 
20 6s l 
20 62 18 
1 69 10 
16 @ 22 

| | 
18 44 | 0} 
8 | 47 5 
tees | 
14 | 66 0 
14 2 4 
14 63 
1 Oo 19 
l Ne) 28 
31 | 58 11 

| 
~ 55 13 

4 4] 1 





Calories | 
per Hour 
_ Remarks 


Per Per Sq. M. 
Kg. Meeh 
Basal 
0.93 25.95 Very quiet 
0.92 5.63 Very quiet 
0.91 25.20 Quiet ! 
Basal 
1.00 32.74 Restless 
1.05 34.37 Quiet | 
| 
97 gm. olive oil at 
10:08 a. Mm. 
1.09 | 34.74 Quiet 
] 
1.00 34.78 | Quiet 
} 
1.11 35.62 Restless 
1.10 35.00 Urine lost 
{ Breakfast at 7 
/ 96 gm. olive 
{ oil at 9:17 a. m. 
1.26 40.63 Quiet 
1.29 41.22 Quiet 
1.23 9.63 Quiet 
Basal 
1.11 4.74 Asleep 
1.23 18.53 Fairly quiet 
At 10:45 to 10:52: 
oatmeal, 125; 
1.37 42.99 butter, 15; pro- - 
tein, 18.8; fat, 
1.42 44.49 19.8; carb., 89.1 
1.35 42.59 
At 9:45 to 9:53: 
oatmeal, 125; 
1.37 42.89 butter, 15 
1.25 39.23 
1.25 9.15 , 
Bread, 18; butter, 
9, every 2 hrs., 
1.21 38.15 last taken at 
11:37 a. m. 
1.14 36.09 
1.19 7.78 
sasal 
Very quiet 
1.15 6.44 Very quiet 
1,12 35.16 Very quiet 
Oatmeal 13.6, 
butter 9, every 
1.12 35.59 2 hbrs., last 
taken at 11:07 
1.12 35.41 a. m.; asleep Ist 
period and half 
1.11 $5.15 of second 











1038 THE ARCHIVES OF INTERNAL MEDICINE 
TABLE 7—Data or CALORIMETER 


Subject, 


Date, Urine N | Indirect | Heat 
Weight, End | Carbon | Oxygen, R.Q. | Water, per Calo- | Elin 
Surface Period of | Dioxid, Gm. Gm. Hour, rimetry, | nated, 

Area Period Gm. | Gm. Cal Cal 


Linear | 
Formula | 








Prelim 11:25 
1 12:25 23.88 22.18 0.781 22.75 0.373 73.47 71.91 
1:25 | 24.44 21.90 | 0.812 25.72 0.373 73.12 | 79.87 
2:25 | 22.15 19.18 0.840 24.78 0.378 64.42 | 73.67 
4 3:25 | 2.07 | 19.81 0.810 | 24.28 | 0.373 66.04 | 74.31 
Felix K —_— Prelim. 12:00 noe Fae , waa on | 
20/14 
57.84 Kg. 1 1:00 18.79 17.54 | 0.779 18.15 0.338 57.97 60.50 
2 2:00 19.6 0.748 19.90 0.338 4.34 65.02 
3 3:00 S| 18 0.778 0.94 0.338 62.58 64 
John 0'C Prelim 11:34 eesce eecce | 
4/28/15 | | | 
$1.43 Ke. 1 12:34 14.26 9.92 0.7382 24.34 0.381 46.05 | 47.% 
1.20 Sq. M. | | 
2 1:34 15.07 9.45 0.812 24.86 0.381 44.74 | 48.8 
John O'C. ... Prelim.| 11:46 cocce | cece evese sccce oeeee | 
4/30/15 
2.45 Kg 1 12:46 14.25 | 12.85 0.804 | 22.96 0.262 42.80 43.58 
1.22 Sq. M. 
1:46 14.87 | 14.14 0.765 26.25 0.262 46.63 50.53 





Glycosuria: The urine always became promptly and completely 
sugar-free on “green” days. The total amount of glucose excreted 
during the oat period was 64.1 gm., during the bread period 88.8 gm. 
This difference is fully comparable to those in the literature upon which 
the claims of superiority of oatmeal have been based. But, as Blum 





pointed out, spontaneous fluctuations in diabetic glycosuria must be 
allowed for, even when all conditions are kept as uniform as possible, 
and a repetition of the same test sometimes gives a variation in the 
opposite direction. The more favorable carbohydrate balance in this 
instance speaks no more for oatmeal than the less favorable nitrogen 
balance during this same time speaks against oatmeal. This interpreta- 
tion is supported by the results of the other test; for on the days when 
the carbohydrates were given in small divided doses it so happened 
that the glycosuria from bread was only a trace, while that from oat- 
meal amounted to 5.75 gm. A consistent difference in favor of oatmeal 
is therefore not present. 

Respiration Experiments: This patient on February 12, while fast- 
ing in the morning after a “green” day of eggs, butter and green vege- 
tables of the 5 per cent. class, derived from 10 to 13 per cent. of the 
calories from carbohydrate. On the first oatmeal day he derived 13 
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EXPERIMENTS—( Continued) 

















Direct | Per Cent. | Calories 
Calo | Rectal Aver- | Work- | Non- | Calories from per Hour 
metry Temp., age Adder, | protein |__._ E_ =n Remarks 
Rectal C. Pulse Cm. | B.Q. Pro- | Carbo- Per Per Sq. M. 
"a , | tein Fat hyd. Kg. Meeh | 
a | 
esl — _ — — oo : 
37.16 evse. wens oe At 9:45 to 10:06 
a.m., bread 168, 
34 36.99 67 | 11.3 0.777 13 66 21 1.12 9.67 | butter 15 
| | | 
$1.41 37.07 73 | «(283 0.813 14 55 31 125 | 39.48 | 
| 
69.51 son | 7 | «(228 0.847 | 15 44 | 41 1.10 | 34.78 
68.62 36.94 | 70 «| «27.0 0.811 15 6 | 80 113 | 35.66 | 
| | | | 
36.88 | | Basal | 
| 
182 | 3665 | so | 106 0.774 | 15 | ® | 20 1.00 | 31.51 | Asleep 30 min. 
61% | 36.80 | @ | 15.1 0.739 4 6| 7% «6 «(0 11 | (34.97 | Quiet 
67.08 36.88 | 62 | 1338 0.774 14 66 2 «6©|:)«(1.08 34.01 | Quiet 
| | 
36.43 rene weil a | Ist oatmeal day. 
Oatmeal BO, } 
$5.42 | se? | 16.1 0.711 21.9 | 7.0 | 1.1 1.47 37.56 butter 10, at } 
| | | 6:30 a. m. and 
45 36.33 | 76? | 228 0.814 22.6 | 30.0 | 27.4 | 1,42 | 36.49 again at 9:34 
} a. m., restless 
| | | 2d period 
| $6.82 } | | } 3d oatmeal day 
| Same food as 
| above 
28 | 36.27 | 67 | 9.0 0.807 16.2 54.1 29.7 1.32 34.19 Quiet 
46.71 36.15 72 | #180 0.757 | 9 | oa | 15.7 | 146 37.25 | Restless 
per cent., and on the third oatmeal day 32 per cent. from carbohydrate. 
If the metabolism of carbohydrate continued at this rate of 32 per cent. 
threughout the day, he could have utilized about 145 gm. The positive 
carbohydrate balance on that day was 149 gm. On March 18, the third 
day on which he received the same amount of starch in the form of 
bread, he derived 31 per cent. of his calories from this source; he 
utilized about 130 gm., and the positive balance was 147 gm. He was 
able to derive 26 per cent. of his calories from carbohydrate after 
small divided meals of bread and butter, and as much as 24 per cent. 
while fasting on the morning after his usual diet, which just kept him 
sugar-free. After similar doses of oatmeal he derived only 15 per cent. 
from carbohydrate. The respiration experiments therefore show no 


significant difference between the starch of bread and that of oatmeal 
in this case. 

The morphin addict, John O’C., with mild diabetes, gave exactly 
the same results, namely, on the first oatmeal day, April 28, 14 per cent. 
from carbohydrate, on the third day, April 30, 23 per cent. He was not 


tested with bread. 
It is quite possible that the slightly lower combustion of carbo- 
hydrate indicated by the quotients on the first as compared with the 





TABLE 8.—Inoie: 


Average Calories 
per Hour 















Subject Character of Calories - I 
and | Experiment per Per Cent.) Sq 
Date Kg. Per from I 

Sq. M., | Average 
Meeh Normal, 
34.7 
Gerald 8 

ll/ 9/14 Basal..... : : 1.26 35.6 

11/12/14 Basal, second day of fast 1.38 38.3 ll 

11/14/14 Basal, fourth day of fast 1.32 36.4 

11/16/14 Basal, sixth day of fast l 

Two hours after whisky 1.28 
11/18/14 Basal, eighth day of fast 1.08 29.5 15 
Three hours after whisky 1.15 31.7 

11/20/14 Four hours after whisky 1.11 30.2 

11/23/14 Basal, fifth day of feeding 1.00 28.5 1s 

11/24/14 Basal, sixth day of feeding 0.93 6S > 6 

11/25/14 Basal, seventh day of feeding 0.92 96.5 4 

Two hours after whisky - 0.98 26.7 3 

11/30/14 Basal (with water drinking)... 0.99 28.5 18 

12/ 2/14 Basal. : 1.02 29.5 15 

Basal with exercise 1.12 $2.3 - 1.8 
12/ 4/14 Exercise with basal.. 1.07 30.6 
12/ 7/14 Basal... 1.08 90.6 12 g 
William G. 
1/11/15 Basal ° 1.08 29.5 15 
1/15/15 Basal 1.12 32.0 8 
1/22/15 Basal . 1.37 37.2 7 
Joseph U 
2/1/15 Basal 0.92 5.6 26 ‘ 
Fdward M 
10/30/14 Basal 1.03 33.6 
10/31/14 Two to five hours after 97 1.10 35.0 
gm. olive oil 
11/ 5/14 Two to five hours after 6 1.29 40.9 +17 
gm olive oil following 
breakfast 
Felix K 
2/11/14 Basal after 1 green day 1.19 7 7 
2/12/14 1% to 4% hours after 125 gm 1.38 43.4 
oatmeal, 15 butter 
14/14 1% to 4% hours after 125 gm 1.29 40.4 
oatmeal, 15 butter; third 
oatmeal day 
4/14 After 18 gm. bread and 9 but 1.18 
ter every two hours 
26/14 Basal ae 1.13 5.8 
13/14 After 13.6 oatmeal and 9 but 1.12 35.4 
ter ev two hours 
8/18/14 1% to 5% hrs. after 168 bread 1.18 37.4 
and 15 butter, 3d bread day 
/14 Basal after one green day... 1.06 33.5 ‘4 
John O'C. 

4/28/15 After 100 gm. oatmeal and 20 1.45 37.0 (+ 7) 

butter, first oatmeal day 

4/90/15 After same food, third oat 1.38 36.7 (4 


meal day 





* On account of respiratory quotient, dextrose-nitrogen ratio assu 
be 1.58 for purpose of calculation 
+ Nonprotein respiratory quotient assumed 0.707 for calculations 











CALORIMETRY SUMMARY 





Per (Per Cent. 
r Cent. Aver- Cert. Diver- 
from Aver- age Cal. | genceof| Aver 
Average age Non- from Direct age Remarks 
Normal R. Q. protein | Sarb. from Pulse 
1.7 R. Q. Indirect 
Cal. 
8 .719 0.707* 0 75 Very quiet; D.-N 
1 0.697 0.7008 O§ § 1K Asleep; D.-N 
8 0.7 0.68 + 0 8 80 Asleep; D.-N 
0.71 0.701 l l Asleep; D.-N.1 
0.717 0.710 ( l 70 Asleep; D.-N 
0.716 0.701 l Asleep; D.-N 
0.737 0.727 é é 71 Awake; D.-N 
0.748 0.73 10 l 61 Doze 
0.727 0.712 2 4u Awake 
0.75 0.744 10 l Quiet 
0.764 0.7% l4 4 4s Dozed 
0.726 0.71 l4 Dozed 
49 0.740 10 7 ) Quie 
0.750 Qu 
0.76 0.760 1¢ 2 6 Flexed arms lt 
0.760 0.755 ) Flexed arms 10 m 
first two periods 
) 0.759 0.7 1 2 i) Quiet 
0.741 0.7 7 4 61 Quiet 
) 0.70 0.714 { 6 6 Very quiet, d 
3.83 
6g2t 0.69 0 7 64 Quiet; D.-N 
f Th 733 S Very quie 
0.8 71, 28 1 
0.789 
40 8 4 ‘ 
204, Carb ‘3s 
749 0.741 10 4 Fairly quiet 
0.70 75 I l Fairly quiet 
0.817 0.8% 81 Fairly quiet 
0.791 0.7 oe 7 7 Quiet 
0.787 0.786 4 +11 T4 Very quiet 
0.781 0.770 l 7 if Asleep one half « 
0.811 0.81 31 7 Fairly quiet 
0.768 0.7¢ 13 + et Quiet 
77 0.763 4 64 Fairly quiet 
8 784 782 1 ¢ Fairly quie 
Av. +5 
D:N ratio assumed to be 3.65 for calculations 
$ Caleulated from total Oe and COs for three hours 
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third day of carbohydrate diet may indicate storage of glycogen after 
impoverishment on the preceding vegetable day, in harmony with the 
observations of Johansson and others on this point. The experiments 
fail to confirm Falta’s conception of a striking difference in the manner 
of utilization of carbohydrate by diabetics on the first and third days 
of such a “cure.” It would be desirable also to have information con- 
cerning the behavior of a normal subject under the same conditions, 
but such an experiment was not included in the present series. 

Carbohydrate and water retention: The quantities of carbohydrate 
not accounted for by combustion are in all these experiments such as 
may easily be assumed to be stored as glycogen. The experiments are 
not of a character such as to throw light on the fate of carbohydrate 
under circumstances when, as Joslin’ reckons, as much as 520 gm. 
may be retained and not accounted for by differences in the respiratory 
exchange. The fate of carbohydrate under these conditions must be 
regarded as not definitely settled. Glycogen storage is known to be 
commonly associated with water retention. Aside from the edema 
which authors have shown to be attributable to sodium chlorid and 
bicarbonate, the gain in weight of some diabetics during the oatmeal 
treatment may be related to the carbohydrate retention. It will be 
noted that the patient John O’C. actually gained about a kilogram in 
weight during the oatmeal period. On the other hand, Felix K., with 
a larger carbohydrate intake and apparent storage, gained no weight 
during his oatmeal period and lost a trifle during the bread period. 
This result therefore stands in marked contrast to the well-marked 
increase in weight which ordinarily occurs when a normal person 
changes from carbohydrate-poor to carbohydrate-rich diet. 

2. The Dextrose-Nitrogen Ratio.—The cases of interest in this con- 
nection are those of William G., Gerald S., and that of Cyril K., which 
was described by Geyelin and DuBois; also another case more recently 
observed, a description of which will be published shortly by Gephart, 
Aub and DuBois. 

William G., as previously stated, at first upon admission to the Pres- 
byterian and Rockefeller Hospitals was found to show a dextrose- 
nitrogen ratio of approximately 3, with a strongly negative nitrogen 
balance. Table 4 contains his record six months later, during a period 
of feeding in the attempt to improve his strength. Starting with sugar- 
free urine on January 11, increase of protein and fat in the diet pro- 
duced prompt glycosuria, with dextrose-nitrogen ratios higher than 
before. At least on January 15 and 20 the ratio was that of “total” 
diabetes. The actual quantities of both sugar and nitrogen excreted 
were less than in the former period when the ratios were smaller; and 
the nitrogen deficit was less although the diet was lower than before in 
both protein and calories. The clinical condition changed so rapidly 
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for the worse and the patient on January 22 was so ill and drowsy that 


it was necessary to resort to fasting to avert coma. 

In Gerald S. the dextrose-nitrogen ratio was confused by the pres- 
ence of carbohydrate in the diet until November 11. On this day no 
food was taken except 50 c.c. cream at 6 a. m. The ratio for the 
twenty-four hours November 11-12 was 3.68. The excessive nitrogen 
excretion which was a prominent feature with William G. was absent 
here. The fall in both glycosuria and ratio during fasting is evident 
from Table 2. 

Cyril K., the patient of Geyelin and DuBois, fasted five days with- 
out abatement of any of the diabetic symptoms, and with acidosis 
steadily increasing either because of the fast or in spite of it. Then, on 
account of dyspnea and drowsiness threatening coma, he was given low 
diet for a few days, consisting chiefly of protein, though containing 
also 53.3 gm. carbohydrate December 14 and 23.5 gm. December 15. 
The dextrose-nitrogen ratios for the next three days (December 15 
and 17 inclusive) were 3.97, 4.01, and 3.87. The nitrogen loss at this 
period was greater than ever before described in uncomplicated dia- 
betes. Beginning December 17, the condition gradually yielded to the 
second fast-treatment, as indicated by the fall of sugar, nitrogen, the 
ratio and the acidosis. 

The case of Gephart, Aub and DuBois appeared at first to be of no 
extreme severity, and the urine was readily cleared up by fasting. 
Thereafter, in consequence of excessive protein-fat diet and the simul- 
taneous development of an alveolar abscess, glycosuria suddenly 
appeared, and by the second day the 3.65 ratio was attained. The 
condition then yielded promptly to a repetition of fasting. 

It is desirable here to discuss the dextrose-nitrogen ratio as respects 
(a) its occurrence in human diabetes, (b) its practical and (c) its theo- 
retical significance. 

(a) Lusk has insisted that trustworthy ratios are obtainable only 
when the diet contains no appreciable quantity of carbohydrate. The 
examples in the entire literature are very few, largely because the type 
of patients most likely to show the maximum ratio has so seldom been 
subjected to the conditions necessary to establish the ratio. Foster™ 
says: “The diabetic patient is for several reasons an extremely difficult 
subject for these experiments. It is usually impossible to restrict him 
for a period of a week to a fat-protein diet.” Benedict and Joslin* 
mention the danger of placing a patient with severe diabetes upon a 
strict protein-fat diet for several days. Joslin’ also calls attention to 
possible errors due to excretion of retained carbohydrate unless ade- 


28. Foster, N. B.: Diabetes Mellitus, Lippincott Co., Philadelphia and Lon- 
don, 1915; p. 30. 
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quate precautions are taken. The conditions involved in fasting differ 
im some respects from those of protein-fat diet. Though sometimes an 
existing ratio of 3.6 rapidly diminishes on fasting, and the glycosuria 
clears up, in other cases this ratio is clearly developed and persists for 
at least several days. Since the introduction of the fasting treatment, 
examples, mostly unpublished as yet, of such a ratio have been observed 
by several clinicians. It is probable that such observations will hence- 
forth be made more frequently, not because the incidence of such 
“total” diabetes is increased by the fasting treatment, but because this 
method involves placing severely diabetic patients as a routine measure 
upon a program of complete carbohydrate abstinence for considerable 
periods, thus facilitating demonstration of the ratio with freedom from 
previous difficulties and errors. This is one of the features in which 
the new treatment has proved of service not merely for the practice, 
but also for the theory, of diabetes. 

(b) Recent experience confirms the suggestion of Lusk'* that the 
presence of the above-mentioned ratio need not be permanent or carry 
a rapidly fatal prognosis. In the patient as in the phlorhizinized animal, 
the relation between sugar and nitrogen in the urine under suitable con- 
ditions is an index of the deficiency of carbohydrate combustion, and 
the maximal ratio shows total absence of utilization of the sugar 
formed from protein. This ratio does not necessarily indicate the 
highest possible quantity of protein catabolism or sugar excretion. The 
nitrogen excretion of Gerald S. was never high. William G. showed 
markedly excessive protein destruction at first; later (January 15) 
the ratio was maximal, but the protein breakdown moderate. Cyril K.., 
as above remarked, showed the most rapid nitrogen loss ever recorded 
in a case of diabetes, and this loss was still excessive on December 22- 
23, when the ratio had fallen to 1.12. Phlorhizin given to Gerald S 
could not have increased the ratio but would perhaps have 
increased the quantities of sugar and nitrogen excreted.** The reason 
for the remarkable intensity of protein catabolism in some cases is 
not known. There is no justification for the term “toxic” applied by 
Magnus-Levy and others. So far as existing data permit judgment, 
the difference does not lie in acidosis, for the patients mentioned 
seemed about equally close to coma. The bodily strength and nutritive 
state may play a considerable part. For example, Cyril K. (Geyelin 
and DuBois), with recent acute diabetes, had the necessary strength 
and reserves for intense waste of sugar and nitrogen, like the typical 
experimental animal. Gerald S. was weak and emaciated. William G 


29. This remark applies to fasting. On liberal protein-fat diet Benedict and 
Lewis (The Influence of Induced Diabetes on Malignant Tumors, Proc. Soc. 
Exper. Biol. and Med., 1914, xi, 134), found the nitrogen excretion of human 
subjects not increased by “total” phlorhizination (personal communication). 
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was weaker in the second of the periods described than in the first, and 
weighed some 5 kg. less. But this may not be the whole explanation. 
A specific disorder affecting protein metabolism in some patients, as in 
totally depancreatized dogs, is not excluded. The possibility of very 
rapid changes in the ratio, as exhibited most strikingly by the patient 
of Gephart, Aub and DuBois, is one of the strongest evidences in favor 
of the functional element in human diabetes. Such sudden changes for 
the worse or for the better are scarcely to be expected in the case of 
purely organic lesions, and are contrary to the results in animals when 
the islands of Langerhans have been lost. Because of the generally 
more favorable outlook for functional as opposed to organic distur- 
bances, the dextrose-nitrogen ratio therefore contributes something 
to the prognosis in human diabetes. For the very reason that the 
process is at least partly functional and under appropriate treatment 
may be temporary, the dextrose-nitrogen ratio fails to define the later 
prognosis in any individual case. Aside from the duration of the 
trouble and other fallible clinical indications, there is now no basis for 
predicting which patients are likely to recover tolerance quickly and in 
considerable degree, and which are likely to improve slowly and in 
slight measure. Experience to date indicates that cases of brief acute 
course, when checked by radical treatment, may show a correspondingly 
more rapid improvement as compared with the more protracted cases 
in patients of corresponding age and type. The occurrence of the 
dextrose-nitrogen ratio of the phlorhizinized dog in any human patient 
may be taken as a sign of the gravest immediate significance. The 
few known to have exhibited this ratio during fasting have died, except 
the patient of Geyelin and DuBois. The exception is believed to be due 
to the skilful alternation of fasting and protein feeding in this case, but 
further experience will be necessary for decision. It is at least estab- 
lished that careful treatment offers some hope even in cases of this 
type, and that with the worst of ratios and other symptoms an appre- 
ciable carbohydrate tolerance may subsequently be regained. 

(c) The principal debate concerning the dextrose-nitrogen ratio has 
been not whether values as high as those mentioned occur in human 
patients, but whether any higher values ever occur. Animal experi- 
ments aiming to prove the formation of sugar from fat have all miscar- 
ried ; but a few authors still hold that occasional cases of exceptionally 
severe human diabetes show dextrose-nitrogen ratios so high as to be 
explainable only by the formation of sugar from fat. Some of the 
cases above described are not lacking in severity, but rather give the 
impression of being more severe than those in the literature in which 
sugar was supposed to have been formed from fat; and neither on pro- 
tein-fat diet nor on fasting were any ratios observed which could 
justify the assumption of sugar-formation from fat. It may be argued 
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that the negative evidence in the present cases cannot overthrow posi- 
tive evidence in other cases, which though not more severe may have 
been of peculiar character. Alone, it could not do so. But the carbo- 
hydrate hunger of patients on old-fashioned protein-fat regimen caused 
numerous writers to compare them to drug addicts with respect to their 
ingenuity, pertinacity and also mendacity in obtaining forbidden food, 
even when supposedly isolated and watched ; and experienced observers 
are aware that only special environment and special qualifications of 
the nurse in charge can guarantee against this source of error. As 
accuracy of investigation has increased, the number of reports of 
ratios indicating sugar formation from fat has diminished. Appar- 
ently no such ratio has ever been described in America; and the expe- 
rience of the majority of clinics and laboratories elsewhere is similar. 
The justification for questioning the alleged findings in occasional 
cases at a few European clinics is found in the large number of accur- 
ate observers who see numerous diabetics of various grades of severity, 
but are still waiting to see any case showing the excessive ratios men- 
tioned. The general agreement of negative evidence is believed now 
sufficient to set aside the principal support of the doctrine of sugar for- 
mation from fat, namely, the supposed occurrence of this process in 
diabetic patients. 

3. The Respiratory Quotient.—In the cases mentioned, except that 
of Cyril K., the Lusk dextrose-nitrogen ratio was present only for brief 
periods. The objection might therefore be raised that these ratios were 
purely accidental, and partly accounted for by sweeping out of more or 
less carbohydrate previously retained as glycogen or sugar. Here the 
necessary proof is afforded by the respiratory quotients. In the case 
of Gerald S. it was impossible to determine accurately the dextrose- 
nitrogen ratio November 9, the day after a considerable amount of car- 
bohydrate in the food, so it was assumed for purposes of calculation 
to be 1.5, a figure which gave theoretical results. On the second day of 
the fast, the dextrose-nitrogen ratio being 3.5 during the calorimeter 
period, the total quotient was 0.697 and the nonprotein quotient 0.7. 
On the sixth and eighth days of the fast the nonprotein quotients were 
0.701 and 0.701 respectively. For William G. in the last two experi- 
ments (January 15 and 22), with dextrose-nitrogen ratios of 3.81 and 
3.12 during the calorimeter periods, nonprotein quotients of 0.714 
and 0.693 were found. The average nonprotein quotient on all these 
days was 0.703, as compared with the theoretical figure of 0.707 for 
fat. These and the similar quotients observed in Cyril K. serve to 
show that the dextrose-nitrogen ratios obtained under the above con- 
ditions were not accidental, but at the times when the Lusk ratio was 
present the diabetes was actually “total.” These quotients also agree 
with the results of Benedict and Joslin and other exact work in fur- 
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nishing additional testimony against the formation of sugar from fat, 
thus fully confirming the evidence afforded by the dextrose-nitrogen 
ratio. 

The tables also show that during the fasting treatment the power 
to oxidize carbohydrate gradually improved, as would be expected from 
the urinary findings. On fasting and on low diet thereafter the patients 
were able to derive an appreciable percentage of the energy requirement 
from this source. Joseph U. was able thus to derive 8 per cent. of his 
requirement. Gerald S., from a condition of total inability to oxidize 
sugar, apparently became able to derive 15 per cent. of his energy 
from it. William G. illustrated the opposite change produced by pro- 
tein-fat overfeeding. January 11, on low diet, he was deriving 7 per 
cent. of his requirement from carbohydrate. The protein and fat were 
then increased, and by January 15 “total” diabetes was present. 

Brief mention may also be made of the two exercise experiments 
with Gerald S. on December 2 and 4. The exercise performed in the 
calorimeter consisted in flexing and extending the forearms for ten 
minutes at the beginning of a period. The labor performed was suf- 
ficient to raise the heat production by 18 per cent. for the hour period, 
or by about 100 per cent. for the ten minutes of actual exercise. The 
respiratory quotient showed no change during this hour, remaining at 
0.75; but in the next hour the total quotient was 0.779 and the nonpro- 
tein quotient 0.77, which figures are higher than the averages obtained 
in any of the experiments with this patient at rest. On December 4 a 
similar ten minutes of exercise was inserted at the beginning of the 
preliminary period, immediately after the calorimeter was sealed, and 
also at the beginning of the first and second hours thereafter. The quo- 
tient in the first hour was 0.778, corresponding to that on December 2; 
the quotient in the second hour was lost through accident. The experi- 
ments at least give no indication of a lowering of the quotient due to 
any hypothetical exhaustion of glycogen in a patient supposedly gly- 
cogen poor. This aspect is to be emphasized more than the slight rise 
of the quotient, which might have been accidental in the two experi- 
ments, though it may perhaps suggest a slight increase in carbohydrate 
utilization, possibly bearing some relation to the therapeutic benefits 
of exercise.® 

The most surprising feature pertaining to the respiratory quotients 
consisted in some unexpectedly high values obtained, similar to those 
described by Joslin. For example, Gerald S. fasted eight days, Novem- 
ber 11 to 19, then received a gradually increasing protein-fat diet, with 
from 750 to 1,000 gm. of thrice-boiled green vegetables daily. On the 
fifth day of this diet, November 23, the quotient indicated that he was 
deriving 2 per cent. of his calories from the combustion of carbo- 
hydrate. The subsequent experiments, up to December 7, gave quo- 
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tients indicating combustion of between 10 and 15 per cent. carbo- 
hydrate, with an average of 12 per cent. During this period the basal 
metabolism averaged 1,042 calories per twenty-four hours. If he were 
deriving 12 per cent. of his calories from carbohydrate, he must have 
metabolized an average of 31.3 gm. a day or a total of 438 gm. in the 
twe weeks. According to the analyses of the thrice-boiled green vege 
tables, which were the only possible source of starches or sugars, he 
could not have received more than 2 or 3 gm. of carbohydrate a day. 
It is improbable that he could have maintained a store of 400 gm. of 
glycogen in his body under the circumstances. The blood sugar did 
not fall enough to suggest that more than a small fraction could have 
been derived from this source, and the recent work of Palmer*® proves, 
as far as is possible with animal experiments, that the quantity of sugar 
present as such in the tissues is insignificant. The results after the 
ingestion of whisky are also hard to interpret. It is known that alcohol 
requires a moderate amount of time, sometimes several hours, for its 
complete combustion, but it is impossible to tell how much alcohol is 
metabolized each hour, since the nonprotein respiratory quotient will 
not solve a problem with three unknowns. Alcohol has a quotient of 
0.667, but it may possibly cause vasomotor and respiratory changes 
leading to an elimination or retention of carbon dioxid with resulting 
false quotients. But its action in normal persons or animals is to 
depress the quotient ; in all the extensive studies concerning the utiliza- 
tion and effects of alcohol, a rise of the quotient after its ingestion has 
never been reported. In the earlier whisky experiments with Gerald S., 
there was a sharp rise in the quotient after drinking, followed by a 
corresponding fall in the second hour, the highest non-protein quotients 
for single hours being 0.764 on November 18, and 0.773 and 0.782 on 
November 20. This was not seen in control experiments in which the 
patient drank the same amount of plain water at the same temperature, 
or went through the movements of drinking without swallowing any 
liquid. Mild exercise, as above stated, had no immediate effect on the 
quotient. Finally, on Nov. 25, the whisky was given in such a way that 
there was absolutely no exertion on the part of the subject, and 
although the rise of quotient in the first hour was absent, the marked 
drop in the second hour was present. In this last observation there was 
no apparent increase in the combustion of carbohydrates, but in the first 
three the average quotient of the hours after whisky was slightly higher 
than before. There was thus an apparent increase in the carbohydrate 
metabolism, which would be even higher than calculated if alcohol with 
its low quotient were oxidized, thus tending to lower the total quotient. 

Joslin has suggested that combustion of retained acetone bodies, 
with their high quotients (beta-oxybutyric acid 0.89, diacetic acid 1.00), 


30. Palmer, W. W.: In press. 
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may account for some rise in the quotients of these patients. The sug- 
gestion is supported by the observation that on fasting the ketonuria 
falls and the quotient rises. Also, if it should prove true that alcohol 


‘! in the past, the rise of the 


diminishes ketonuria, as claimed by authors 
quotient after ingestion of alcohol might correspond to an increased 
combustion of acetone bodies. The high quotients as described seem to 
be a regular or frequent phenomenon in patients with severe diabetes 
under the conditions described, and the possibilities may be discussed 
by comparison of the cases reported. The blood sugar, as stated, fell 
somewhat in the case of Gerald S., but rose during the development 
of the increased quotients in Geyelin and DuBois’ patient (Cyril K.), 
and in the patient of Joslin.” The above calculation in the case of 
Gerald S. requires the equivalent of 400 gm. of glycogen to explain 
the quotients observed. No patient could possibly retain enough ace- 
tone bodies to correspond to the whole of this requirement. The high 
quotients have generally been observed when the glycosuria and keton- 
uria were diminishing either during or after fasting, or on ingestion of 
whisky. An exception is present in the case of Cyril K. when receiving 
protein diet on December 16-17. Here the ketonuria was higher than 
on any previous day, namely, 75 gm. reckoned as beta-oxybutyric acid. 
Che carbon dioxid capacity of the blood plasma had fallen to its lowest 
point, namely, 19.6 (the normal figures being from 40 to 45). The 
dextrose-nitrogen ratio was at its highest point, namely, 4.01. Under 
these circumstances it is difficult to understand what kind of material 
could be burned to give the observed nonprotein respiratory quotient 
of 0.743. This single result may possibly be due to some accident con- 
nected with the circumstances of this particular case. On the other 
hand, it may possibly be of some significance in connection with the 
fact that, although all the laboratory tests aside from the respiratory 
quotient indicated that the patient was in no wise better and in some 
respects worse on December 16-17 than on December 9-10, yet it was 
evident clinically that his condition was much better on the latter date 
and the symptoms of intoxication greatly diminished. This patient 
was receiving alkali during this period, but Gerald S. and Joslin’s 
patient received none; therefore the quotients can scarcely be due to 
dosage with bicarbonate. It is conceivable that high quotients in one 
part of the twenty-four hours might be compensated by low quotients 
in another part. No respiration experiments were performed at night, 
but it is scarcely probable that any marked difference existed between 

31. Neubauer, O.: Ueber die Wirkung des Alkohols auf die Ausscheidung 
der Azetonkérper, Miinchen med. Wchnschr., 1906, liii, 791. Benedict, H., and 
Toérék, B.: Der Alkohol in der Ernahrung der Zuckerkranken, Ztschr. f. klin. 


Med., 1906, Ix, 328. Staubli, C.: Beitrage zur Pathologie und Therapie des 
Diabetes mellitus, Deutsch. Arch. f. klin. Med., 1908, xciii, 107. 
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day and night. Such a difference would in itself constitute an abnor- 
mality, for the day and night quotients have never been known to vary 
to such an extent in previous experiments on normal persons and 
animals. It is noteworthy that while the average divergence between 
the methods of direct and indirect calorimetry in the present series was 
only 2.3 per cent., and the agreement was close in the first experiments 
with Gerald S., yet beginning with the eighth day of his fast, November 
18, when the period of high quotients began, there appeared minus 
errors of the direct as compared with the indirect calorimetry some- 
times as high as 21, 14 and 16 per cent. Such discrepancies might in 
part be explained if the quotients were due to combustion of some other 
material, perhaps acetone bodies, instead of carbohydrate as assumed, 
for then the reckoning of the indirect calorimetry would be considerably 
altered. On the other hand, the divergence may possibly have been 
due to technical error in the measurement of the average temperature 
of the body. 

4. The Total Metabolism.—lIn regard to the general question of 
heat production the present series of experiments agrees with the work 
of previous authors in showing the basal metabolism per kilogram of 
body weight to be increased in severe diabetes. But as above men- 
tioned, the principal need in connection with this vexed question has 
been a satisfactory standard of comparison between diabetic and non- 
diabetic subjects. The linear formula devised especially to throw light 
on this subject is believed to afford such a standard, and the conclu- 
sions in the present paper are drawn on the basis of this mode of calcu- 
lation. The summary in Table 8 shows that the surface area of thin 
diabetics is not so much smaller than that of normal men as would 
be indicated by Meeh’s formula, and consequently their metabolism 
is considerably lower when compared with the normal average accord- 
ing to the linear or height-weight formula than when Meeh’s less accur- 
ate formula is used. The difference between the results as expressed in 
terms of the two formulas in the case of Gerald S. is from 8 to 13 per 
cent. With William G. it is from 11 to 18 per cent., with Joseph U., 
10 per cent., with John O’C., from 11 to 12 per cent. These were all 
very thin diabetics, and the differences with less emaciated patients 
would be proportionately smaller. With patients stouter than the aver- 
age the metabolism would be higher according to the linear formula 
than according to Meeh’s, but patients with severe diabetes are seldom 
stout. 

Among the patients described in the present paper, it was noted that 
Gerald S. entered the hospital in a weak and exhausted condition. 
His metabolism at this time, November 9, was 2 per cent. above the 
average normal by Meeh’s formula, but 8 per cent. below the average 
normal by the linear formula. William G. had been subjected to 






































FF. M. ALLEN—E. F. DU BOIS 1051 


prolonged low diet. Starting at 26 per cent. below normal on January 
11, when glycosuria was absent, his metabolism rose, on increased diet 
and the return of active diabetes, to 20 per cent. below normal on 
January 15 and to 11 per cent. below normal on January 22. On the 
other hand, in the patient of Geyelin and DuBois** (Cyril K.), the dia- 
betes was recent and acute, and here the metabolism was above normal. 
The respiration experiment on December 15 was after food, therefore 
the metabolism of 15 per cent. above normal does not represent a true 
basal value. The highest basal metabolism actually demonstrated here 
was 3 per cent. above normal on December 18. 

The patient Edward M. never showed the true ravenous hunger of 
diabetics, but had been a heavy eater all his life and could dispose of 
a large diet exceptionally well, with no increase of his slight dyspeptic 
complaints. During most of September, weighing 58 to 63 kg. and 
leading the inactive life of a ward patient, he had enjoyed a high 
diet, the maximum being during the period September 21 to 26, with 
from 6,100 to 6,300 calories daily, consisting chiefly of fat, of which 
there was nearly 600 gm. daily. Instead of steatorrhea, there were 
small constipated stools, showing exceptionally high utilization by 
analysis. As stated in his history, the diet had been moderate but ade- 
quate preceding the first calorimeter tests. The body weight was 
about 60 kg., as opposed to his original “normal” weight of about 80 
kg. But he felt well and strong at this weight, and, correspondingly, 
the basal metabolism on October 30 was found entirely normal, 3 per 
cent. below the average. On October 31 the metabolism was measured 
two to five hours after drinking 97 gm. olive oil. Table 8 shows the 
resulting increase of metabolism and lowering of the respiratory quo- 
tient. On November 3 the diet contained 5.300 calories with 483 gm. 
fat, and on November 4, 5,268 calories with 482 gm. fat. On the morn- 
ing of November 5 the patient entered the calorimeter after taking 44 
gm. protein, 38 gm. carbohydrate and 204 gm. fat. The metabolism two 
to five hours afterward is shown by Table 8 to average 17 per cent 
above normal. Accordingly, the specific dynamic action of food, 
especially of fat, did not differ noticeably from the normal as respects 
its promptness or intensity in this patient, and there was no indication 
of an abnormally high metabolism (“Luxuskonsumption”) on the 
excessive diet. The result with this patient under the conditions does 
not warrant a positive conclusion concerning possibilities in more 
severe cases, especially at the height of the diabetic process. 

Since the last important discussion of the total metabolism in dia- 
betes by Benedict and Joslin there have been several changes in the 
general point of view of the metabolism of normal controls and of 
diabetics as the result of work presented in previous papers of this 
series. In the light of these it has seemed advisable to recalculate the 
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cases of severe diabetes reported in the literature, and discuss the 
question in its most recent aspects. As we have shown, it is advisable 
to abandon comparisons made on the basis of cubic centimeters of 
oxygen per kilogram and minute and use instead the calories per 
square meter per hour. Recent work on the metabolism at different 
ages has emphasized the fact, first brought out clearly by Magnus-Levy 
and Falk,** that metabolism changes with age. It must be remembered 
that a study of the surface area designed primarily to afford a basis of 
comparison between patients and normal controls has shown that 
Meeh’s formula is not so accurate as the newly devised linear and 
height-weight formulas. Most important of all has been the study of 
a large number of controls by Benedict, by Means** and by the Russell 
Sage Institute staff, giving a normal basis of comparison which is not 
influenced by variations that might occur in small groups or by single 
investigators. 

In Table 9 are given the results obtained in a large number of cases 
of severe diabetes. Since the height-weight formula was employed as 
a basis of comparison, the only cases that could be used were those 
where the height was given. This unfortunately has prevented the 
recalculation of the severe cases of Leo,** Nehring and Schmoll,’ 
Rolly,’ and some of the cases of Magnus-Levy"* and Mohr.** The 
work of Leimdorfer’’ has not been recalculated, since the abnormally 
low quotients make this impossible, nor has the work of Grafe and 
Wolff,*’ where it is difficult to reconcile the high respiratory quotients 
and high dextrose-nitrogen ratios. As will be seen, the large majority 
of cases was furnished by the careful work of Benedict and Joslin. 
For purposes of comparison, columns have been added showing the 
duration of life after the period of experimentation, the level of the 
nitrogen metabolism, the degree of emaciation, and the estimated 
degree of acidosis. If we study first the column showing the per- 
centage variation from the normal, it will be noted that out of twenty- 
six cases thirteen are within the normal range of plus or minus 10 
per cent. from the average. There are nine patients with an increase 


32. Magnus-Levy, A., and Falk, E.: Der Lungengaswechsel des Menschen in 
den verschiedenen Altersstufen, Arch. f. Physiol., 1899, Suppl., 314. 

33. Means, J. H.: Basal Metabolism and Body Surface, Jour. Biol. Chem., 
1915, xxi, 263. 

34. Leo, H.: Ueber den respiratorischen Stoffwechsel bei Diabetes mellitus. 
Ztschr. f. klin. Med., 1891, xix, Suppl., 101. 

35. Nehring, O., and Schmoll, E.: Ueber den Einfluss der Kohlehydrate auf 
den Gaswechsel des Diabetikers, Ztschr. f. klin. Med., 1897, xxxi, 59. 

36. Mohr, L.: Untersuchungen iiber den Diabetes mellitus, Ztschr. exp. Path. 
u. Ther., 1907, iv, 910. 

37. Grafe, E., and Wolf, G. L.: Beitrage zur Pathologie und Therapie der 
schwersten Diabetesfalle, Arch. f. klin. Med., 1912, cvii, 201. 
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of from 11 to 23 per cent. and these deserve special attention. Two 
of these, V. and Cyril K., were studied after food, and if the stimulus 
of the recent meal were removed they might have come within normal 
limits. One of the subjects, G., was under intense nervous excitement 
during the experiment, and another, I., with a pulse of 120, had been 
described the year before as very nervous. This leaves us five cases 
in which there was a moderate but distinct rise in the metabolism, 
namely, Herr Mo., Frau Schm., Frau St., H., and U. To these we 
should perhaps add Cyril K. at the time of his first experiment, when 
after a breakfast his metabolism was 15 per cent. above the normal 
basal. To offset these there are four patients whose metabolism ranged 
from 14 to 19 per cent. below the average. Three of these, N., P. and 
()., were children, and it is quite possible that the normal stimulus of 
the growing organism was checked by the diabetes. The fourth sub- 
ject, Wm. G., was extremely emaciated. If we take the algebraic mean 
of the 26, we find that the metabolism in severe diabetes averages 3.3 
per cent. above the normal, a figure which might be increased to about 
5 per cent. by taking into account the fact that the average for the 89 
normal controls of Benedict is 2 per cent. lower than the Sage 
standards. 

Benedict and Joslin‘ found that the average oxygen consumption 
of their diabetics per kilogram and minute was 15 to 20 per cent. above 
that of their twenty normal controls. Part of this difference was due 
to the fact that at that time few investigators realized the importance 
of the age factor. Part was due to the unusually low metabolism of the 
normal controls. In the twenty controls used by Benedict and Joslin 
for comparison with the diabetics, there are seven whose metabolism 
is 10 per cent. or more below the average normal described in the pre- 
vious papers of this series. It so happens that these seven, A. F. G., 
1. M. C., De. P. R. De. S., H. F. T., E. P. C., Mes. S. C., ave used 
seventeen times in the total column of thirty-two, making the aver- 
age of the column 8&6 per cent. below the standard. This is 
much greater than the divergence of —2 per cent. found in the 
total of eighty-nine normal controls. Their cases with severe diabetes, 
recalculated in terms of the height-weight formula, average only two 
per cent. above the Sage normal standard. It would appear that the 
metabolism of Benedict and Joslin’s diabetic patients is within normal 
limits, while the large difference between their pathologic and normal 
cases is due chiefly to the low metabolism of the subjects selected for 
normal controls. It is quite possible that the low metabolism of these 
controls was due to the fact that they were poorly nourished and were 


selected because they resembled diabetics in this respect. 
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The profound effect of confinement and undernourishment on heat 
production has never received the attention it deserves. The reduction 
of metabolism in fasting has been shown in several experiments, the 
best being the recent work of Benedict,” whose subject L. fasted 
thirty-one days. On the first day of the fast he produced 40.3 calories 
per square meter per hour as measured while awake in the morning 
and as calculated by the height-weight chart. This figure is 1.5 per 
cent. above the normal average for similar conditions. On the tenth 
day of the fast the metabolism calculated in the same way was 16 
per cent. below the average, and it remained between 18 and 22 per 
cent. below during the rest of the fast \ similar or even greater 
lowering of metabolism results from prolonged undernutrition. The 


s 


figures of Svenson and others** for emaciated typhoid convalescents 
when compared with the normal standard indicate a metabolism consid- 
erably below normal in some instances. By similar calculation, the 
results of Magnus-Levy® with a neurasthenic youth who partially 


starved himself for a long period, are as follows: 


TABLE 10.—Merarnortsm ExpertmMent oN Macnus-Levy’s Patient * 
Calories Relation 
per Sq.M ship of 
per Hour | Weight, Metabolism 

Period Dat Conditior Height Kg to Average 
Weight Normal 
Formula 39.7 
I Nov. 16 t l Very low diet 6 3A 

II Nov. 23 to Dee Liberal diet 8.0 17 

Ill Jan. 26 to March ¢ Fever from Tb 49.4 45.4 

IV March 13 to May § Normal agair 4 

* Ag g 4 


These figures are comparable to those shown in the present series of 
diabetic patients after treatment. The degree of elevation of metabol- 
ism due to the active diabetic process should be judged by comparison 
of such patients with equally emaciated and cachectic nondiabetics. It is 
also now possible to compare the same patient at times when active dia- 
betes is present or absent, while the body weight and surface remain the 
same. Thus Gerald S., with intense diabetes, on November 9 had 
basal metabolism 8 per cent. below normal. His fast ended November 
18, and from then until December 7 he received a diet such that his 


38. Recalculated in terms of surface area according to Meeh’s formula, by 
Coleman and Du Bois, The Influence of the High Calory Diet on the Respira- 
tory Exchanges in Typhoid Fever, Tue Arcuives Int. Mep., 1914, xiv, 168 
( Fig. 4). 

39. Magnus-Levy, A.: Der Einfluss von Krankheiten auf den Energiehaushalt 
in Ruhezustand, Ztschr. f. klin. Med., 1906, Ix, 177. 
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weight on the latter date was practically identical with that on Novem- 
ber 9; but the basal metabolism on December 7 was 22 per cent. below 
normal at a time when the urine was free from sugar. William G. 
weighed 43.2 kg. on December 11. In consequence of feeding high- 


caloric diet, the weight fell to 42 kg. by December 22, while the 
metabolism rose from 26 per cent. below normal on December 11 to 


11 per cent. below normal on December 22. If we study Table 9 it is 
apparent that most of the diabetics with marked emaciation have a 
diminution in metabolism. In the children with diabetes and low 
metabolism the percentage loss from the greatest weight is small, but 
with a child that is growing taller even a stationary weight indicates 
emaciation. If “normal” adults and children were as emaciated as the 
diabetics, they would undoubtedly show a marked diminution in heat 
production. 

Benedict and Joslin have ascribed an increase 1n diabetes to acidosis. 
Chis is usually associated with an increased protein metabolism, and 
it is often difficult to separate the two factors. It has long been known 
that increased protein metabolism causes an increased heat production. 
If we turn to Table 9 we can compare the increased metabolism with 
the degree of acidosis There were nine patients whose metabolism 
was 11 to 23 per cent. above the normal. Of these two showed marked 
acidosis, namely, Cyril K. and the nervous patient G. Three others, 
Herr Mo., Frau Schm. and U., had severe acidosis. Patient H. had 
moderate acidosis, while the others, I. and V., had little or no acidosis, 
and the patient Frau St., with the highest metabolism of all, had very 
slight acidosis. In contrast to this, eight patients with severe or very 
severe acidosis showed a normal or decreased metabolism. These are 
B., C., N., P., Q., T., Cyril K. (December 18), and Gerald 5. 

Authors have erroneously attempted a direct comparison between 
dogs depancreatized or phlorhizinized at the height of their strength, 
and human patients who reach the stage of severe diabetes, generally 
after months of a slow cachexia. Accurate comparison demands 
equally acute human diabetes, or else the use of dogs with chronic 
diabetes or prolonged cachexia. The excessive nitrogen excretion of 
William G. and especially of Cyril K. (Geyelin and DuBois) is well 
comparable to that of the totally depancreatized dog, and in the latter 
the total metabolism was actually above normal in spite of four weeks 
of rapid wasting followed by five days of complete fasting. The 
alleged difference as respects increase of metabolism can therefore no 
longer stand as a distinction between clinical and experimental diabetes. 

Theoretically it is to be expected that the metabolism will rise with 
the increase of the protein metabolism which accompanies the noncom- 
bustion of sugar derived from protein in the diabetic condition. Since 
the specific dynamic action is less in human beings than in dogs, it may 
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well be that the stimulus of an increased protein metabolism is relatively 
less pronounced in human than in experimental canine diabetes. 

Recapitulating, one may state that the linear formula furnishes a 
more accurate standard of comparison than was previously available 
According to calculation by this formula, an increase above the true 
normal metabolism is not demonstrable in the majority of patients with 
severe diabetes. Nevertheless, the diabetic process may be associated 
with a relative elevation of metabolism. In occasional instances the 
metabolism may actually exceed the average normal level of metabol- 
ism. In all cases the true increase appears only when one takes into 
consideration other factors incidentally present, some of them tending 
strongly to depress metabolism. For example, the percentage of 
increase may be fully as great as claimed by Benedict and Joslin, if 
the metabolism of diabetics is compared with that of other equally 
undernourished subjects, or if the same patient is compared at different 
times when active diabetes is present or absent. In practical applica- 
tion, the results indicate that diabetics generally have no higher food 
requirement than normal, and on account of undernutrition and 
lessened muscular activity will tend to maintain equilibrium on a 
smaller number of utilizable calories than normal persons. Because 
the diabetic is less active, as pointed out by Magnus-Levy, his actual 
consumption of energy as compared with normal controls is likely to 
be less. After treatment by fasting, even though the patient is gaining 
steadily in strength and well-being, a low level of metabolism has been 
observed, the lowest 36 per cent. below normal, and this indicates that 
a low diet will suffice for maintenance under these conditions. 


SUMMARY AND CONCLUSIONS 

1. Three patients with severe diabetes and three with moderate or 
mild diabetes have been studied in the respiration calorimeter. The 
effects of the oatmeal treatment and the fasting treatment have been 
followed in detail. 

2. No special influence of oatmeal in diabetes or special readiness 
of oxidation of this form of carbohydrate was demonstrable in these 
experiments. The respiratory exchange fails to account for all the 
carbohydrate that disappears. The behavior of the respiratory quo- 
tient showed no important difference on the first day and on the third 


day of the oatmeal treatment. 

3. The occurrence of “total” diabetes in human patients, with dex- 
trose-nitrogen ratios approximating 3.65 to 1 and corresponding 
respiratory quotients, is here shown. Notwithstanding the extreme 
severity, neither the sugar excretion nor the gaseous exchange gives 
ground for assuming the formation of sugar from fat in any instance. 

4. Even in the severest type of diabetes the active symptoms may 
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be eliminated completely by prolonged fasting The observations in 
the respiration calorimeter prove that patients as a result of the fasting 
acquire the power of oxidizing sugar derived first from their own body 
protein and later from the protein and carbohydrate of a carefully 
regulated diet. 

5. The respiratory quotients during fasting and after the glycosuria 
had ceased were in some such instances higher than can be easily 
ex] lained by the oxidation of the materials supposedly available \lso 
the ingestion of alcohol was sometimes followed by respiratory quo 
tients higher than would theoretically be expected. The data will be 
analyzed in a subsequent paper 

6. The specific dynamic action of food, especially fat, was appar 
ently normal in a patient with moderately severe diabetes 

7. The results of two respiration experiments in a severely diabetic 
patient have shown that mild exercise slightly raises the quotient, and 
this suggests the possibility that exercise may improve carbohydrate 
utilization. Generalizations or positive conclusions from these experi- 
ments are not attempted. 

8. According to comparisons of the surface area as calculated by 
the linear formula, increase of the basal metabolism above the true 
normal level in severe diabetes is generally absent or slight. The 
metabolism was shown to fall markedly during fasting, to 20 per cent 
below normal. The level of metabolism in diabetes is the resultant of 
a number of forces; for example, increased destruction of protein and 
perhaps other processes tending to increase metabolism, and undernu- 
trition, muscular relaxation (as in prolonged confinement in bed) and 
other possible conditions tending to diminish metabolism. According 
as one or the other of these groups of forces predominate, a higher or 


lower metabolism may be expected in any individual case of diabetes 
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